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EDITOR'S PREFACE TO THE SIXTH EDITION. 



A 8TEADT and ever-increasiiig demand for this work in Germany has led 
to the isBue of Baooeadve editions until an elerentli has been reaohed. 
In eveiy new edition the Anthor has introduoed whatever improve- 
ment in the prooesses desoribed, or in the distribation of hlB material, the 
progress of the science has soggested. The present is characterized bj 
two important additions :— 

Ist The original plan of the work excloded all the rarer elements and 
their Compounds ; bnt, inasmnoh as manj of these have recentlj acquired 
importance, as chemical reagents or in the arts^ it has been deemed 
advisaUe to embrace the whole. Now, therefore, all the known elements 
are treated o^ and prooesses given for their preparation and deteotion ; 
but in Order to avoid increasing too muoh the size of the volume^ or to 
embarrass the b^^inner in the study of analjsis, manj of these are 
printed in smaller type. 

2nd. The other addition is that^ of Spbcttbum Analtsis. the most 
interestingy beautiful^ and impomnt* acquisition whioh Analytical 
Chemistry has ever reoeived. This is treated of fully, as its intrinsio 
importance and the requirements of students of such a work as this 
demanded. The reader will also obserre that the new process known 
as DialysLB has not been overlooked. 

J. LLOYD BULLOCK. 
8, Hahovib-sisiit, Ike., 1868. 
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PRELIMINARY REMARKS. 

DEPIKITION, GENERAL PRINCIPLES, 0BJECT8, UTILITY, AND IHPORTANCE 
OF QUALITATIVE CHEMICAL AKALT8IS — CONDITIONS AND BEQUIUEMENTS 
FOB A 8UCCESSFUL STUDY OF THAT SCIENCE. 

Chemistby is the scienoe which treats of the various maierials enteiiiig 
into the stractare of the earth, their composition and decompositioD, 
their mutual relations and their deportment in general. A special 
branch of this science is designated Atiolytical Chemistry, inasmuch as it 
pursues a distinct and definite object — viz. the analjsis of oompoand 
bodies, and the determination of their component elements. Analjtical 
chemistrj, again, is subdivided into two branches — viz. qualitative 
aiudysis, which simplj stadies the natit/re and properties of the com- 
ponent parts of bodies ; and quantit(Uive ancUysis, which ascertains the 
quaniity of everj individual constituent present. The office of qualitative 
anaiysis, therefore, is to exhibit the constituent parts of a substance of 
unknown composition in forms of knoum composition, from which the 
Constitution of the bod j examined and the presence of its several com- 
ponent elements maj be positiveij inferred. The efficiencj of its method 
depends upon two conditions — viz., Ist, it must attain the object in 
view with unerring certaintj, and 2nd, it must attain it in the most 
expeditious manner. The object of quantitative analysis, on the other 
band, is to exhibit the elements revealed by the qualitative investiga- 
tion in forms which will permit the most accurate estimate of their 
weight, or to effect by other means the determination of their quantity. 

These different ends are, of course, attained respectively by very 
dijSerent ways and means. The study of qualitative analysis must, 
therefore, be pursued separately from that of quantitative analysis, and 
must naturally precede it. 

Having thus generally defined the meaning and scope of qualitative 
analysis, we have now still to consider, in the first place, the preliminary 
Information required to qualify students for a successful cultivation of 
this branch of science, the rank which it holds in the domain of 
chemistry, the bodies that fall within the sphere of its Operations, and 
its Utility and importance ; and, in the seoond place, the piincipal parts 
into which its study is divided. 

It is^ above all, absolutely indispensable for a successful pursuit of qua- 
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litative investigatioDS that the student should possess some knowledge 
of the chemical elemerUs, and of tbeir most important combinatioDs, as 
well as of the principles of chemistry in general ; and that he shonld 
combine with this knowledge some readiness in the apprehension of 
chemical processes. The practical part of this science demands more- 
over strict order, great cleanness and neatness, and a certain skill in 
manipulation. If the student joins to these qualifications the habit of 
invariabl j ascribing the failures with which 'he may happen to meet to 
some error or defect in his Operations, or, in other words, to the absence 
of some condition or other indispensable to the success of the experiment 
— and a firm reliance on the immutability of the laws of nature cannot 
£Bkil to create this habit — he poHsesses every requisite to render his study 
of analytical chemistry successful. 

Now, although chemical analysis is based on general chemistry, and 
cannot be cultivated without some previous knowledge of the latter, yet, 
on the other haud, we have to look upon it also as one of the main 
pillai*s upon which the entire structure of the science rests, since it is 
of almost equal importance for all branches of theoretical as well as of 
practical chemistry ; and I need not expatiate here on the advantages 
which the physician, the pharmaceutist, the mineralogist, the rational 
farmer, the manufacturer, the artisan, and many others derive from it. 

This consideration would surely in itself be sufficient reason to re- 
commend a thorough and diligent study of this brauch of science, even 
if its cultivation lacked those attractioiis which yet it unquestionably 
possesses for every one who devotes himself zealously and ardently to it 
The human mind is constantly striving for the attainment of truth ; it 
delights in the Solution of problems; and where do we meet with a 
greater variety of them, more or less difficult of Solution, than iu th^ 
province of chemistry 1 But as a problem to which, after long pondering, 
we fail to discover the key, wearies and discourages the mind ; so, in 
like manner, do chemical investigations, if the object in view is not 
attained — if the results do not bear the stamp of truth, of unerring 
certainty. A half-knowledge is therefore, as iudeed in every department 
of science, but more especially here, to be considered worse than no know- 
ledge at all ; and a mere superficial cultivation of chemical analysis is 
consequently to be particularly guarded against. 

A qualitative investigation may be made with a twofold view — viz., 
either, Ist, to prove that a certain body is or is not contained in a sub- 
stance, e.^., lime in spring- watcr ; or, 2nd, to ascertain aü the constituents 
of a chemical compoimd or mixture. Any substance may of course be- 
come the object of a chemical analysis. 

But all Clements are not equally important for the purposes of 
practical chemistry, a certain number of them only being found more 
widely disseminated in nature, and more generally employed in phar- 
macy, in the arts and manufactures, and in agriculture, whilst the others 
are met with only as constituents of rarely occurring minerals; the 
elements of the former class alone, therefore, and the more important of 
their Compounds, will be considered more fully in the present work, 
whilst those of the latter class will be discussed more briefiy and in a 
manner to enable the leamer to separate, without difficulty, the study of 
the former from that of the latter. This arrangement will serve to 
render the study of the science more easy to beginners^ and to lighten 
tbe labors of practical chemists. 
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The stadj of qualitative analjsis is most properlj dinded into four 
principal parte — viz., 

1. Chemical OPERATIONS. 

2. Beaoents and their üses. 

3. RbaCTIONS, OR DEPORTHBNT of THE YARIOÜS B0DIE8 WITH REAOENTS. 

4. SySTEHATIO COURSE of QUALITATIVE ANALY8IS. 

It will now be readilj understood that the pursuit of chemical analjsis 
requires practieal skia and dbility as well as theoretical knoudedge ; and 
that, conseqaentljy a mere specolative study of that scieuce can be as 
little expected to lead to sucoess as purelj empirioal experiments. To 
attain the desired end, theorj and practioe must be combined. 



SECTION I. 

OPERATIONS. 
§1. 

The Operations of analytical chemistry are essentially the same as 
those of sjnthetioal chemistry, though modified to a oertain extent to 
adapt them to the dififerent objeot in view, and to the small quantities 
operated npon in analytical investigations. 

The foUowing are the principal Operations in qualitative analysis. 

§ 2. 

1. Solution. 

The term '' Solution,** in its widest sense, denotes the perfect union of 
a body, no matter whether »aseous, liquid, or solid, with a fluid, resulting 
in a homogeneous liquid. However, where the substance dissolved is 
gaaeoua, the term " ahaorption** is more properly made use of ; and the 
Solution of one fluid in another is more generally called a mixltMre, The 
application of the term Solution, in its usual and more restricted sense^ 
is confined to the perfect union of a solid body with a fluid. 

A Solution is the more readily eflected the more minutely the body to 
be dissolved is divided. The fluid by means of which the Solution is 
effected, is called the solvent, We call the Solution chemical, where the 
solvent enters into chemical combination with the substance dissolved ; 
simple, where no definite combination takes place. 

In a simple Solution the dissolved body exists in the free state, and 
retains all its original properties, except those dependent on its form and 
oohesion ; it separates unaltered when the solvent is withdrawn. Com- 
mon Salt dissolved in water is a familiär instance of a simple Solution. 
The Salt in this case imparts its peculiar taste to the fluid. On evapo- 
rating the water, the salt is left behind in its original form. A simple 
aolotion is called satu/rated if the solvent has received as much as it can 
retain of the dissolved substance. But as fluids dissolve generally larger 
quantities ofa substance the higher their temperature, the term satwxUed, 
as applied to simple Solutions, is only relative, and refers invariably to a 
certain temperature. It may be laid down as a general rule that 43leva- 
tion of tempemture facilitates and accelerates simple Solution. 

B A 
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A ehemiccU Solution contains the dissolved siibstance not in tbe same 
State nor possessed of the same properties as before ; tbe dissolved body 
is no longer free, bat intimatelj oombined with tbe solvent, wbicb latter 
also bas lost its original properties ; a new substance bas tbos been pro- 
duced, and tbe Solution manife»ts tberefore now tbe pro|)erties of tbis 
new substance. A cbemical Solution also may be accelerated by elevation 
of temperature ; and tbis is indeed usually the case, since beat generally 
promotes tbe action of bodies upon each other. But tbe quarUüy of the 
dissolved body remains always tbe same in pix>portion to a given 
quantity of the solvent, wbatever may be the difference of temperature— 
the combining proportions of substances being invariable and altogetber 
independent of the gradations of temperature. 

The reason of this is, that in a cbemical Solution the solvent and tbe 
body upou wbicb it aots have invariably opposite properties, wbicb they 
strive mutually to neutralize. Further Solution ceases as soon as tbis 
tendenoy of mutual neutralization is satisfied. The Solution is in this 
case also said to be saturated or, more properly, netUrcUized^ and tbe 
point wbicb denotes it to be so is termed the point of Saturation or neu- 
tralization. 

The substances wbicb produoe cbemical Solutions are, in moet casea, 
either acids or alkalies. With few ezcoptions, they have first to be 
converted to the fluid State by means of a simple solvent. When tbe 
opposite ]:)roperties of acid and base are mutually neutralized, and tbe 
new Compound is formed, the actual transition to the fluid State will 
ensue only if the new Compound possesses the property of forming a 
simple Solution with the liquid present ; e,g,, if Solution of acetic acid in 
water is brought into contact with oxide of lead, there ensues, first, a 
cbemical combination of the acid with the oxide, aud then a simple Solu- 
tion of tbe new-formed acetate of lead in the water of the menstruum. 

In pharmacy Solutions are often raade in a poixselain mortar, by 
trituratiug the body to be dissolved with tbe solvent added gradually in 
small quautities at a time ; in cbemical laboratories Solutions are rarely 
made in tbis manner, but generally by digesting or beatiog the substance 
to be dissolved with the fluid in beaker-glasses, flasks, test-tubes, or 
disbes. In the preparation of cbemical Solutions the best way generally 
is to mix the body to be dissolved in the first place with water (or with 
wbatever other indifferent fluid may happen to be used), aud tbeu 
gradually add the cbemical agent. By this course of proceeding a large 
excess of tbe latter is avoided, an over-energetic action guarded against, 
the process greatly facilitated, and compiete Solution ensured, wbioh is a 
matter of some importance, as it will not seldom happen in cbemical 
oombinations that the product formed refuses to dissolve if an excesa of 
the cbemical solvent is present ; in wbicb case tbe molecules first formed. 
of the new salt, being insoluble in tbe menstruum present, gather round 
and eiiclose the particles still unacted on, weakeniug thereby or prevent- 
ing altogetber further cbemical action upon them. Thus, for instance, 
Witberite (carbonate of baryta) dissolves readily if water is poured upon 
the pulverised mineral and bydrocbloric acid gradually added ; but it 
dissolves with difficulty and imperfectly if it is projected into a conoen- 
trated Solution of bydrocbloric acid in water ; siuce cblonde of barium 
will indeed dissolve in water, but not in bydrocbloric acid. 

Crystaluzation and precipitation are tbe reverse of Solution, sinoe 
they have for tbeir object the couversiou of a fluid or dissolved sulMstano» 
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to the solid State. As both geoerallj depend on the same cause, viz., on 
the absenoe of a solvent, it is impossible to assign exact limits to either ; 
in manj cases they merge into one another. We must, however, con- 
sider them separatelj here, as they differ essentiallj in their extreme 
forms, and as the special objects which we purpose to attain bj their 
appUcation are generallj verj different 

§ 3. 
2. Cbystallization. 

We understand bj the term crystallization, in a more general sense, 
every Operation or prooess whereby bodies are made to pass from the 
fluid to the solid State, and to assume certain fixed, mathematically 
definable, regulär forms. But as these forms, which we call cryatals, are 
the more regulär, and consequently the more perfect, the more slowly 
the Operation is carried on, we always connect with the term '' crystal- 
lization*' the accessory idea of a slow separation-^f a grctducd conversion 
to the solid State. The fbrmation of crystals depends on the regulär 
arrangement of the ultimate constituent particles of bodies (rnolecules or 
atoma) ; it can only take place, therefore, if these atoms possess perfect 
freedom of motion, and thus in general only when a substance passes 
from the fluid or gaseous to the solid state. Those instances in which 
the mere ignition, or the softening or moistening of a solid body, suffices 
to make the tendency of the molecules to a regulär arrangement (crystal- 
lization) prevail over the diminished force of cohesion — such as, for 
instance, the tuming white and opaque of moistened barley-sugar — are 
to be r^^rded as exceptional cases. 

To induce crystallization, the causes of the fluid or gaseous form of a 
substance must be removed. These causes are either heat cUone, e,g,, in 
the caae of fused metals ; or aolverUs ahne, as in the case of an aqueous 
Solution of common salt ; or hoth combined, as in the case of a hot satu- 
rated Solution of nitrate of potassa in water. In the first case we accord- 
ingly obtain crystals by cooling the fused mass ; in the second by evapo- 
rating the menstruum ; and in the third by either of these means. The 
most frequently occurring case is that of crystallization by cooling hot 
saturated Solutions. The liquors which remain after the Separation of 
the crystals are called mother-uxUers or mother-liquora, The term amor» 
phoua is applied to such solid bodies as have no crystalline form. 

We have recourse to crystallization mostly either to obtain the crystal- 
lized substance in a solid form, or to separate it from other substances 
dissolved in the same menstruum. In many cases also the form of the 
crystals or their deportment in the air, viz., whether they remain unal- 
tered or effloresce or deliquesce upon exposure to the air, will aflbrd an 
excellent means of distinguishing between bodies otherwise resembling 
each other ; for instance, between sulphate of soda and sulphate of potassa. 
The process of crystallization is usually eflected in evaporating dishes or^ 
for very small qnantities, in watch-glasses. 

In cases where the quantity of fluid to be operated upon is only 
smaliy the snrest way of getting well-formed crystals is to let the fluid 
evaporate in the air or, better still, under a bell-glass, under which is 
also placed an open vessel half-filled with concentrated sulphuric acid« 
Minate crystals are examined best with a lens or under the mioroscope. 
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§4. 
3. PBEaPITATION. 

This Operation diffen from the preoeding in tbiB, tbat tlie dissolved 
body is converted to the solid state, not slowlj and gradnallj, bnt 
9udderdy^ no matter whether the substanoe separating is crystalline or 
amorphous, whether it sinks to the bottom of the vessel or ascends or 
remains snspended in the liquid PVecipitation is either caused bj a 
modification of the solvent — thos sulphate of lime (gypsum) separates 
immediately from its Solution in water upon the addition of alcohol ; or 
it ensues in consequence of the Separation of an educt inaoluble in the 
menstruum — thus metallic copper precipitates if a Solution of chloride of 
copper is brought into. contact with zinc, as this separates the copper 
from the chlorine, and the eliminated metal is insoluble in the water 
of the menstruum. Precipitation, lastlj, takes place also where, by the 
action of simple or double chemical affinity, new Compounds are formed 
which are insoluble in the menstruum ; thus Oxalate of lime precipitates 
npon addition of oxalic acid to a Solution of acetate of lime ; Chromate of 
lead if Chromate of potassa in Solution is mixed with Solution of nitrate 
of lead. In decompositions of this kind, induced by simple or double 
a£Snity, one of the new Compounds remains generally in Solution, and 
the same is sometimes the case also with the educt ; thus in the instanoes 
just mentioned the chloride of zinc, the acetic acid, and the nitrate of 
potassa remain in Solution. It may, however, happen also tbat both 
the product and the educt, or two producta, precipitate, and that notbing 
remains in Solution ; this is the case, for instance, when a Solution of 
sulphate of magneaia is mixed with water of baryta, or when a Solution 
of sulphate of silver is precipitated with chloride of barium. 

Precipitation is resorted to for the same purposes as crystallization, 
viz., either to obtain a substance in the solid form, or to separate it from 
other substanoes dissolved in the same menstruum. Bnt in qualitative 
analysis we have reoourse to this Operation more particularlj for the 
purpose of detecting and distinguishing substances by the color, pro* 
perties, and general deportment which they exhibit when precipitated 
either in an isolated state or in combination with other substances. The 
solid body separated by this process is called the precipüaUy and the sub- 
stance which acts as the immediate cause of the Separation is termed the 
precipüarU, Yarious terms are applied to precipitates by way of partica- 
larizing them aocording to their different nature ; thus we distinguish 
crystalline, pulverulent, flocculent, curdy, gelatinons precipitates, dbc 

The terms turbid and turbidity, or doudy and cloudiness, are made nse 
of to designate the state of a fluid which contains a precipitate so finely 
divided and so inoonsiderable in amount, that the suspended partides, 
although impairing the transparency of the fluid, yet cannot be dearly 
dlstinguished. The Separation of flocculent precipitates may generallj 
be promoted by a vigorous shake of the vessel ; that of crystalline preci- 
pitates, by stirring the fluid and rubbing the inside of the vessel with a 
glass rod ; lastly, elevation of temperature is also an eflective means of 
promoting the Separation of most precipitates. The process is therefore 
eonducted^ according to circumstances, either in test-tubes^ flasksi or 
beakers. 
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The two Operations described respectivelj in §§ 5 and 6, tiz. ßUrcUion 
and decantatian, serve to effect the mechanical Separation of fluids from 
matter suspended therein. 

§ ö. 

4. Filtration. 

This Operation oonsists simply in passing the fluid from which we wish 
to remove the solid particles mechaDicallj suspended therein through a 
filtering apparatus, formed usually bj a properly foIded> piece of unsized 
paper placed in a funnel. An apparatus of this description allows the 
fluid to trickle through with ease, whilst it completely retains the solid 
particles. We emploj smooth Alters and plaited Alters ; the former in 
cases where the separated solid substance is to be made use of, the latter 
in cases where it is simply intended to clear the Solution. Smooth Alters 
are prepared by double-folding a circular piece of paper, with the folds 
at right angles ; they must in every part fit close to the funnel. The 
preparation of plaited Alters is more properly a matter for ocular 
demonstration than for description. In cases where the contents of the 
filter require washing, the paper must not project over the rim of the 
funnel. It is in most cases advisable to moisten the filter previously to 
passing the fluid through it ; since this not only tends to accelerate the 
processy but also to prevent the solid particles being carried through 
the pores of the filter. The paper selected for filters must be as free as 
possible from inorganic substances, especially such as are dissolved by 
acids, as sesquioxide of iron^ lime, &c. The common filtering paper of 
commerce seldom comes up to our requirements in this respect, and I 
would therefore always recommend to wash it carefully with acid and 
water whenever it is intended for use in accurate cmalysea, With the 
stronger sorts of paper this may be done by placing the paper, cut into 
pieces of suitable size, in a layer of moderate thickuess, in a shallow por- 
oelain dish, pouring over it a mixture of one part of hydrochloric acid or 
nitrio acid with about nine parts of water, and letting it digest for several 
hoors at a moderate heat. The fluid is then 
poured off, and the paper repeatedly washed 
with water (finally with distilled water), 
imtil litmus paper is no longer reddened by 
the washings : the water is then drained 
off, and the entire layer is carefully trans- 
ferred to a quire of blotting- paper, and 
left there until the filters can be taken off 
singly withoutinjury ; they are theo finally 
dried by exposing them to a gentle heat, 
either singly or placed in thin layers be- 
tween sheets of blotting-paper. With the 
finer sorts of paper (Swedish) I prefer 
washing the filters in the fuoneL To 
this end they are first sprinkled with a 
little moderately diluted hydrochloric or 
nitric aoid, and then thoroughly washed 
-with water, finally with distilled water. 




Fig. 1. 



Filtering paper, to be con- 
sidered good, must| besides being pure, also let fluids pass readily through, 
yet completely retain even the finest pulverulent precipitates, such as 
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Bulpbate of bary ta, Oxalate of lime, &c. Where a paper satisfyixig tbese 
requirements canoot be readily procared it is advisable to keep cwo 
Borts, one of closer textare for tbe Separation of verj finelj divided 
precipitates, and one of greater porosity for tbe speedj Separation of 
grosser particlea Tbe f anneis must be of glass or porcelain (§ 16, 10) ; 
they are usnally placed on an appropriate stand, to keep tbem in a 
fixed Position. The stand sbown in Fig. 1 is particularly well adapted 
for tbe reception of tbe small-sized funnels used in qualitative analyses. 

§ 6. 

5. Dbcantation. 

Tbis Operation is frequently resorted to instead of filtration, in cases 
wbere tbe solid particles to be removed are of considerably greater 
specific gravity tban tbe liquid in wbiob they are suspended ; as tbey will 
in such cases speedily subside to tbe bottom, thereby rendering it easy 
eitber to decant tbe supernatant fluid by simply incÜning tbe vessel, or 
to draw it off by means of a sypbon or pipette. 



In cases wbere filtration or decantation are resorted to for tbe purpose 
of obtaining tbe solid substance, tbe latter has to be freed afterwards by 
repeated washing from tbe liquid still adbering to it. Tbis Operation la 
termed washing or edulcorcUion, The wasbing of precipitaträ ooUected 
on a Alter is usually effected by means of a wasbing-bottle, such as is 
sbown in Fig. 2. 

Tbe drawing needs no elaborate explanation. Tbe 
outer end of tbe tube a is drawn out to a fine point. 
By blowing air into tbe flask tbrougb tbe otber 
tube, a fine jet of water is expelled tbrougb o, witb a 
certain degree of foroe, which is particularly well 
suited for wasbing precipitates. Wasbing-bottles 
of tbis construction afford also tbe advantage that 
tbey do equally well for wasbing witb bot water« 
They are, for tbis purpose, and to enble tbe opera- 
tor to use tbem with tbe greater ease, eitber fur- 
nished with a bandle, or witb a double or treble 
coil of twine bound tight round tbe neck. 

As tbe success of an analytical Operation often 
depends absolutely upon tbe proper wasbing of a 
precipitate, it may as well be mentioned at once 
that tbe Operation ought never to be considered 
oompleted before tbe object of it has been fully at- 
tamed. And tbis is tbe case only when tbe precipitate has been abso- 
lutely freed from tbe fluid adbering to it The Operator sbould, in tbis 
respect, never trust to mere belief or guessing, but sbould always make 
quite sure by properly testing tbe last washings. Witb fixed bodies it 
generally suffices to slowly evaporate a drop of tbe last washings on 
platinum-foil, when complete volatilisation will show that tbe end in 
view has been fully attained. 




Fig. 2. 



There are four Operations which serve to separate volatile Bubstancea 
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from lees volatile or from fixed bodies, viz., evaporcUtany distüUUion^ 
ignüion, and suhlimcUion. The two former of these Operations refer ex- 
closivelj to fluidsy the two latter ezdosivelj to solida. 

§7. 

I 

6. EVAPORATION. 

This is one of tlie moet common Operations in analjtical cliemistry. 
It serves to separate volatile fluids from lees volatile or from fixed bodies 
(no matter whether solid or fluid), in cases where the residuary subetance 
alone is of importance, wbilst the evaporating matter is entirely dbre- 
garded ; — thos, for instance, we have recourse to evaporation for the 
porpose of removing from a saline Solution part of the water, in order 
to bring about ciystallization of the salt ; we resort to this process also 
for the purpose of removing the whole of the water of the menstruum 
from the Solution of a non-crystallizable substance, so as to obtain the 
latter in a solid form, <fea The evaporated water is entirely disregarded 
in either of these cases, the only object in view beiug to obtain, in the 
former case a more concentrated fluid, and in the latter a dry substance. 
These objects are invariably attained by Converting the fluid which is to 
be removed to the gaseous state. This is generally done by the applica- 
tion of heat ; sometimes also by leaving the fluid for a certain time in 
oontact with the atroosphere, or with an enclosed volume of air constantly 
kept dry by hygroscopic substances, such as concentrated sulphuric acid, 
Chloride of calcium, <fea ; or, lasüy, in many cases, by placing the fluid 
in rarefied air, with simultaneous application of hygroscopic substances. 
As it is of the utmost importance in qualitative analyses to guard 
against the least contamination, and as an evaporating fluid is the more 
liable to this the longer the Operation lasts, the process is usually con- 
ducted with proper expedition, in porcelain or platinum dishes, over the 
flame of a spirit or gas-lamp, in a separate place free from dust and not 
exposed to draughts of air. If the Operator has no place of the kind, 
he must have recourse to the much less suitable proceeding of covering 
the dish ; the best way of doing this is to place over the dish a large 
glass funnel secured by a retort-holder, in a manner to leave sufficient 
Space between the rim of the funnel and the border of the dish ; the 
funnel is placed slightly aslant, that the drops running down its sides 
may be received in a beaker. Or the dish may also be covered 
witii a sheet of filter-paper previously freed from .inorganic substances 
by washing with dilute hydrochloric or nitric acid (see § 5) ; were 
common and unwashed filter-paper used for the 
porpose, the sesquioxide of iron, lime, &c., con- 
tained in it woiüd dissolve in the vapors evolved 
(more especially if acid), and the Solution dripping 
down into the evaporating fluid would speedily 
oontaminate it. These precautions are neces- 
saiy of course only in accurate analyses. Larger 
quantities of fluid are evaporated best in glass ^'fif* ^* 

flasks Standing aslant, covered with a cap of 

pure filteriug paper, over a charcoal fire or gas; or also in tubulär 
retorta with neck rising obliquely upward, and open tubulature. Evapo« 
nkÜDg prooefisea at 212'' are conducted in a suitable steam apparatos, or 
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in tbe water-bath shown in Fig. 3. Evaporation to dzyneas iB not 
nsuallj conducted over an open fire, bat generallj either on the 
water-bath or the aand-bath, or on a heated iron plate. 

§8. 

7. DiSTILLATIOir. 

This Operation serves to separate a volatile liquid from a less volatile 
or a fixed snbstanoe (no matter whether solid or fluid) where the object 
is to recover the evaporating fluid. In order to attain this end, it is 
necessary to reconvert the liquid from the gaseous form in which it eva- 
porates into the fluid State. A distilling apparatus consists consequently 
always of three parts, no matter whether separable or not. These three 
parts are — Ist, a vessel in which the liquid to be distilled is heated, and 
thus converted into vapor ; 2nd, an apparatus in which this vapor ia 
cooled again or Condensed, and thus reconverted to the fluid state ; and 
3rd, a vessel to receive the fluid thus reproduced by the condensation of 
the vapor (the distillate). For the distillation of large quantities 




Fig. 4. 

■ 

metallic apparatus are used (also copper stills with head and oondenser 
of tin), or large glass retorts ; in analytical investigations we generally 
employ the apparatus shown in Fig. 4. 

§ 9. 

8. lainnoN. 

Ignition is, in a certain manner, for solid bodies what evaporation is 
with regard to fluids ; since it serves (at least generally) to separate 
volatile substanoes from less volatile or ^m fixed bodies in cases wher« 
the residuary substance alone is of importance. The process of ignition 
always presupposes the application of a high temperature, in which respect 
it diflers from drying or exsiccation. The form or State which the 
eliminated substance assumes on cooling — ^whether it remains gaseous, as 
in the ignition of carbonate of lime; or assumes the liquid State, as ij\ 
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the ignition of bydrate of lime ; or 8olidi£e8y as in the ignition of a 
mixture containing chloride of ammoniam — is a matter of perfect indif« 
ferenoe as regards the name giyen to the Operation. 

The prooess of ignition is mostly emplojed, as bas just been said, to 
effect the elimination of a volatile body. In some instances, however, 
substanoes are ignited simply for the purpoee of modifying their State, 
without any volatilization taking place ; thos the sesquiozide of chro- 
mium is converted by ignition into the so-oalled insoluble modification, 
&c. In analytical investigations substances under examination are often 
ignited also, that the Operator may from their deportment at a red keat 
draw a condosion as to their nature in general, their fixity, their fusi* 
bility, the presence or absenoe of organic matter, ^o. 

Crucibles are the vessels generally made use of in ignition. In Ope- 
rations on a large scale Hessian or black-lead crucibles are used, heated 
by charooal or coke ; in analytical experiments small-sized crucibles or 
dishes are selected, of porcelain, platinum, silver, or iron, or glass tubes 
sealed at one end, according to the nature of the substances to be ignited; 
these crucibles, dishes, or tubes are heated over a Berzdiin spirit-lamp 
or a properly constructed gas-lamp. 

§ 10. 

9. SUBLIMATIOK. 

The term suMinuUion designates the process which serves to convert 
solid bodies into vapor by the application of heat, and subsequently to 
recondense the vapor to the solid state by refrigeration ; — the substance 
Yolatilized and reoondensed is called a svblimate. Sublimation is conse- 
quently a digtiüoHon of solid bodies. We have recourse to this process 
mostly to effect the Separation of substances possessed of different degrees 
of volatility. Its application is of the highest importance in analysis 
for the detection of certain substanoes, e. g. of arsenic. The vessels used 
in Sublimation are of various shapes, according to the different degrees 
of volatility of the substances operated upon. In sublimations for ana* 
lytical purposes we generally employ sealed glass tubes. 

§ 11. 

10. Fusion and FLUxnra 

We designate by the term '' fusion*' the oonversion of a solid substance 
into the fluid form by the application of heat ; fusion is most frequently 
resorted to for the piirpose of effecting the corabination or the decompo- 
sition of bodies. The term '* fluxing^' is applied to this prooess in casea 
where substanoes insoluble or diffioult of Solution in water and acids 
are by fusion in conjunction with some other body modifled or decom- 
posed in such a manner that they or the new-formed Compounds will 
sabsequently dissolve in water or acids. Fusion and fluxing are con- 
ducted either in porcelain, silver, or platinum crucibles, according to the 
nature of the Compound. The crucible is supported on a triangle of 
moderately stont platinum wire, resting on, or attached to, the iron ring 
of the BerzeUus spirit-lamp or the gas-lamp. Triangles of thick iron 
wire, especially when laid upon the stouter brass ring of the lamp, carry 
off too mach heat to aUow of the production of very high temperatures. 
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SnuJl qiiAiitities of matter are also often foaed in glaas tnbes sealed at 
one end. 

Besort to flaxiiig is tBpt€uIij reqnired for tlie analjsis of the sulphates 
of the alkalinfi carths» and abo for tkat of man j silicatea. The flux 
mo6t commonlj naed is carbonate of aoda or earbonate of potassa, or, 
better stille a mixture of botk in cqual atomic proportioms (see § 77). 
In oertain caacs hjdrate of baiyta is med instead of the alkaline car- 
bonateSk Bat in either caae the Operation is condacted in a platinnm 
emcihle. 

I haye to add here a few preoantionarj mies for the prev^ention of 
damage to the platinnm Teaael s osed in these Operations. No sabstanoe 
eyolviug chlorine ought to be trteated in platinnm vessels ; no nitrates of 
the alkiJies, hjdrate of potaasa and aoda, metals, or sulphides of metak 
or cjanides of the alkalies shoold be fuaed in snch veraels ; nor should 
readilj deoxidiable metaUic oxides^ or salts of the heavy metals with 
organic acids be ignited in them, or phosphates in presenoe of organic 
ooropoimds. It is also detrimental to platinnm cmcibles, and especiallj 
to their ooTers, to expoee them direct to an intense diarcoal 6re, as the 
action of the ash is likely to Icad to the fbrmation of silicide of platinnm, 
which renders the Tessel brittle. It is alwajs advisable to support pla* 
tinum crucibles used in ignition or fnsion on triangles of platinnm wire. 
Soiled platinnm crucibles are cleaned bj rubbing with wet sea-sand, the 
round graius of which do not Scratch the metaL Wliere this fails to 
remove the stains the desired object maj be attained bj fnsing bisulphate 
of potassa or borax in the cmcible, boiling snbsequentlj with water^ and 
polishing finallj with sea-sand. 

We have still to speak here of another Operation which bears some 
affinitj to fusion, Tix»— 

§ 12. 

11. Dbflaoration. 

We nnderstand hy the term " deflagraiion^^ in a more general sense, 
every process of decomposition attended with noise or detouation — (the 
cause of the decomposition is a matter of perfect indifferenoe as regards 
the application of the term in this sense). 

We use the same term, however, in a more restricted sense, to desig- 
nate the oxidation of a substance in the drj waj, at the expense of the 
oxygen of another substance mixed with it (usually a nitrate or a chlo^ 
rate), and oonnect with it the idea of a sudden and violent oombnstion 
attended with vivid incandescence and noise or detonation. Deflagra- 
tion is resorted to either to produoe the desired oxide — thus sulphide of 
arsenio is deflagrated with nitrate of potassa to obtain arsenate of potassa; 
<— or it is applied as a means to prore the presence or absenoe of a cer- 
tain substajioe — thus salts are tested for nitric or chloric acid by fusing 
them in conjunction with Cyanide of potassium, and observing whether 
this process will cause deflagration or not, ^o. 

To attain the former object the perfecUy dry mixture of the substance 
under examination and of the deflagrating agent is projected in small 
portions at a time into a red-hot crucible. Experiments of the latter 
description are invariably made with very minute quantities ; the pro- 
oess is in such oases best conducted on a piece of thin platinnm foil^ or 
in a small spoon« 
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§ 13. 

12. The Use of the Blowpipe. 

This Operation beloDgs exclusively to the province of aDalytical che- 
mistry, and is of paramount importance in many analytical processen. 
We have to examine here, 1, the apparatus required ; 2, the mode of ita 
application ; and, 3, the results of the Operation. 

The blowpipe (Fig. 5) ia a small instrument, usaally made of brass or 
German silver. It was originally nsed by metallurgists for the purpose 
of soldering, whence it derived the name of " solder- 
ing pipe" {Löthrohr) by which the Germans desig- 
nate it. It consists of three distinct parts; viz. 
Ist, a tube (a 6), fitted, for greater convenienoe, 
with a hom or ivory mouthpiece, through which 
air is blown from the raouth ; 2nd, a small cylin- 
drical vessel (c d), into which a 6 is screwed air- 
tight, and which serves as an air-chamber and to 
retain the moisture of the air blown into the tube ; 
and 3rd, a smaller tube {/g)f also fitted into the 
vessel (c d). This small tube, which forms a right 
angle with the larger one, is fitted at its aperture 
eitber simply with a finely perforated platinum 
plate, or more conveniently with a finely perfo- 
rated platinum cap (A), screwed in air-tight. The 
oonstruction of the cap is shown in Fig. 6. It is, 
indeed, a little dearer than a simple plate, but 
it is also mnch more durable. If the opening of 
the cap gets stopped up, the obstruction may gene- 
rally bo removed by heating it to redness before 
the blowpipe. 

The proper length of the blowpipe depends upon 
the distance to which the Operator can see with distinctness ; it is usually 
from tweuty to twenty-five ceutimetres. The form of the mouthpieces 
varies. Some chemists like them of a shape to be encircled by the lips ; 
others prefer the form of a trumpet mouthpiece, which is 
only pressed agaiuRt the Ups. The latter require less 
exertion on the part of the Operator, and are accordingly 
generally chosen by those who have a great deal of blow- 
pipe werk. 

The blowpipe serves to conduct a continuous fine cur- 
rent of air into a gas-flame, or into the flame of a candle 
or lamp, or sometimes into a spirit-of-wine flame. The 
flame of a candle (and equally so that of gas or of an oil 
lamp), buming under ordinary circumstances, is seen to 
consist of three distiuct parts, as shown in Fig. 7, viz., 
Ist, a dark nucleus in the centre (a); 2nd, a luminons 
cone sarroundiug this nucleus {e / g); and, 3rd, a feebly 
luminous mantle encircliug the whole flame (b c d), The 
dark nucleus is formed by the gases which the heat evolves 
from the wax or fat, and which cannot bum bere for 
want of oxygen. In the luminous cone these gases come 
in oontact with a oertain amount of air insofficient for their completo 




Fig. 5. 



Fig. 7. 
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combustioD. In tbis part, tberefore, it is principallj the hydrogen of 
the oarbideB of bjdrogen evolvedwbicb bums, whilst tbe carbon sepa« 
rates in a State of intense ignition, whicb imparts to tbe flame the 
luminouB appearanoe observed in this part In tbe onter ooat the 
aocess of air is no longer limited, and all tbe gases not jet bumed are 
oonsumed bere. This part of tbe flame is tbe hottest, and the extreme 
apex is the hottest point of it. Oxidizable bodies oxidice therefore 
with the greatest possible rapidity wben placed in it, sinoe all the con- 
ditioDS of oxidation are bere united, yiz. high temperatare and an nnli- 
mited snpply of oxygen. This outer part of tbe flame is therefore oalled 
the oocidizing ßame, 

On the other band, oxides having a tendenoy to yield np their oxygen 
rnifler rediidian wben placed witbin the Iwninous part of tbe flame, the 
oxygen being witbdrawn from them by tbe carbon and tbe still unoon- 
sumed carbide of hydrogen present in this sphere. The lominous part 
of the flame is therefore called tbe reducingßame, 

Now tbe efleot of blowing a fine stream of air aoross a flame is, first^ 
to alter the shape of tbe flame, as, from tending npward, it is now 
driven 8idewa3rB in the direotion of tbe blast, being at the same time 
lengthened and narrowed ; and, in tbe second place, to extend tbe sphere 
of oombustion from the onter to tbe inner part. As the latter circnm- 
Btance causes an extraordinary inorease of tbe beat of the flame, and 
the former a ooncentration of that beat witbin narrower limits, it is easy 
to understand tbe exoeedingly energetio action of tbe blowpipe flame. 
Tbe way of bolding the blowpipe and tbe nature of tbe blast will always 
depend upon the precise object in view, viz., whetber the Operator wants 
a reducing or an oxidizing flame. Tbe easiest way of prodncing most 
efficient flames of both kinds is by means o£ coal-gas delivered from a 
tube terminating in a flat top with a somewbat slantingly downward- 
tumed slit 1 centimetre long and 1^ to 2 millimetres wide; aa with tbe 
use of gas the Operator is enabled to control and regulato not only ihe 
blowpipe flame, but tbe gas stream also. The task of keeping tbe blow- 
pipe steadily in the proper position may be greatly fitcilitated by firmly 
resting that instrument upon some moveable metallic support, such as, 
for instanoe^ tbe ring of BimwrCB gas-lamp for supporting disbee, dca 




Fig. 8. 

Pig. 8 shows the flame for reducing, Pig. 9 the flame for oxididng. 
The InminouB parts are shaded. 
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The reducing flame b prodaced by keeping the jet of the blowpipe 
just on the border of a tolerably strong gas flame, and driving a moderate 
blast aoross it The resulting mixture of the air with the gas is only 
imperfect, and there remains between the inner blnish part of the flame 
and the onter barely visible part a luminous and reduoing zone, of which 
the hottest point lies somewhat beyond the apex of the inner oone. To 
produce the oxidizing flame, the gas is lowered, the jet of the blowpipe 
pushed a little forther into the flame, and the strength of the current 
somewhat increased. This serves to efleot an intimate mixture of the 
air and gas, and an inner pointed, blaish cone, slightly laminous towards 
the apex is formed, and surrounded by a thin, pointed, light-blaish, 
barely visible mantle. The hottest part of the flame is at the apex of the 
inner cone. Difficoltly fusible bodies are exposed to this part to efleot 
their fusion ; but bodies to be oxidized are held a little beyond the apex, 
that there may be no want of air for their combustion. An oil-lamp 
with broad wick of proper thickness may be used instead of gas ; a thick 
wax-candle also will do. For an oxidizing flame a small spirit-lamp 
will in most cases answer the porpose. 



.^-^ 









Fig. 9. 

The cwrrerU is produced with the cheek muscles alone, and not with 
the lungs. The way of doing this may be easily acquired by practjising 
for some time to breathe quietly with pufled-up cheeks and with the 
blowpipe between the lips; with pracUce and patience the studeut will 
soon be able to produce an even and uninterrupted current. 

The supporta on which substances are exposed to the blowpipe flame 
are genenJly either wood charcoal, or platinum wire or foil. 

Charcoal aupports are used principally in the reduction of metallio 
oxides, <fec., or in trying the fusibility of bodies. The substances to be 
operated upon are put into small conical cavities scooped out with a 
penknife or with a little tin tube. Metals that are volatile at the heat 
of the reducing flame eraporate wholly or in part upon the reduction of 
their oxides ; in passing through the outer flame the metallio fumes are 
re-oxidized, and the oxide formed is deposited around the portion of 
matter upon the support. Such deposits are called incnistations. Many 
of these exliibit characteristic colors leading to the detection of the 
metal& Thoroughly-bumt pieces of charcoal only should be seleoted 
for Supports in blowpipe experiments, as imperfectly-bumt pieoes are apt 
to spirt and throw off the matter placed on them. The charcoal of the 
wood of the pine, linden, or willow, is greaüy preferable for supports to 
that of harder and denser woods. Smooth pieoes ought to be selected 
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for Supports, as knotty pieces are apt to spirt when heated, and to throw 
off the matter placed on them. The most convenient way is to saw the 
charcoal of well-seasoned and straight-split pinewood into parallelo- 
pipedic pieces, and to blow or brush off the dust ; thej may then be 
nandled without fear of soiling the hands. Thoee sides alone are uaed 
on which the annaal rings are visible on the edge, as on the other sides 
the fused matters are apt to spread over the surface of the charooal 
{Berzelivs), 

The properties which make charcoal so valoable as a material for snp- 
ports in blowpipe experiments are — Ist, its infusibility ; 2nd, its loir 
conducting power for heat, which permits substances being heated 
more strongly upoD a charcoal than upon any other support ; 3rd, its 
porosity, which makes it imbibe readily fusible substances, such as 
borax, carbonate of soda, <fea, whilst infusible bodies remain on the snr- 
face ; 4th, its power of reducing oxides, which greatly contributes to 
effecting the reduction of oxides in the inner blowpipe flame. 

We use plcUinum toire, and occasionally also plcUinum /oil, in all 
oxidizing processes before the blowpipe, and also when fusing substances 
with fluxes, with a view to try their solubility in them and to watch 
the phenomena attending the Solution and mark the color of the bead ; 
lastly, also to introduce substances into the flame, to see whether they 
will color it 

The wire, which should be about the thickness of lute-strings, is cut 
into lengths of 8 centimetres, and each length twisted at both ends into 
a small loop (Fig. 10). 

o— o 

Fig. 10. 

When required for use, the loop is moistened with a drop of water, 
then dipped into the powdered flux (where a flux is used), and the por- 
tion adhering exposed to the flame of a gas- or spirit-lamp. When the 
bead produced, which sticks to the loop, is cold it is moistened again, 
and a small portion of the substance to be examined put on and made to 
adbere to it by the action of a gentle heat. The loop is then flnally exposed, 
according to circumstances, to the inner or to the outer blowpipe flame. 

What renders the application of the blowpipe particularly useful in 
chemical experiments is the great expedition with which the intended 
results are attained. These results are of a twofold kind, viz., either 
they afford us simply an insight into the general properties of the exa- 
mined body, and enable us accordingly only to determine the clcus8 to 
which it belougs, i.e,, whether it is flxed, volatile, fusible, &c. ; or the 
phenomena which we observe enable us at once to recognise the par- 
ticular body which we have before us. We shall have occasion to de- 
scribe these phenomena when treating of the deportment of the different 
substances with reagents. 

As in the use of the blowpipe one band is always necessarily engaged, 
and the production of a continued blast requires practice and some slight 
exertioD, and as, lastly, it is not very easy to maintain the blowpipe flame 
always steadfastly, so that the substances exposed to it are invariably 
and always undeviatingly kept in the desired parts of the flame, many 
chemists have long been eudeavouring to devise some self-acting blow- 
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{npe appAratos, and many ooatrivanee« of the kind bave been propoeed 
und have fouad &vor. In some of them the air-current ia produoed hy 
means of a gasotoeter, in others hj means of a caoatohoac balloon, in 
othera ogain by a Bpecies of hjdrostatia blast, &0. But the simpleet 
eelf-acting blowpipe apparatos, hy whioh most of the objeota attainable 
with the blowpipe ma; be moet niitably and oonvenientlj accompliBhed, 
Ü the flame of a £unwn*« gas-Iamp, which buriu without laminOBity 
and without sooL A description of this lamp follows in the uext 
Paragraph. 

SU- 

13. Thx Usi or Lahfs, PAsrictTLARLT OF Qab-lakps. 

A> we bare to deol in analytioal chemistry mostly with Binaller 
qnantities of matter on\y, we use in processea of qualitative anatyaiB 
reqDiring tbe application of heat, such as eraporation, diatillation, igui- 
tion, &c, generally lamp», either iipirit-Iampa or, where ooal-gaa ia obtain- 
able, most advantageously, gas-l^mpa. 

Ol »pirit-lampe there are two kinds in iise,'viz., the simple spirit-lamp, 
as showu in Fig. 13, and the Berzelia» lamp with double draught (Fig. 
11). In the coDStmotion of the latter lamp it should be bome in mind 
that tbe part contaiaing the wich and the veaael with the spirit must be 
in separate pieces, oonoected only by means of a narrow tube ; otherwise 
tronblesome exptoaiooB are apt to occur in lighting the lamp. Nor 
abould tbe cbimney be too narrow, or the stopper fit air.tight ou the 
montb through whioh the spirit of wine is poared in. A IsÄip should 
be selected tbat may be readily moved ap and dowD the pillar of the 
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Fig. 11. 



Fig. 18. 



■tand, which mnst be fitted with proper brnoketa, and also with a mov»- 
able bnat ring to mpport diahee and flasks in proceeeea of ebullition, and 
a ring of rnoderately atoat iron wire to support the triaogle for holdiog 
the cruciblei in the prooenea of ignition uid fosion. 
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ble 

whieh 

it » sM Tie^ a t i i » iMftS siviT -^t yam^ ar smu tKmr^tmtuiÜj natu ! on a 

jRK^ft. M i^c^ra m ito simplest form ift 
F^es. H aai 1^ » ihe mort conTcnieni 

[H • t ^ % ÜEwc «f €»< iroii mettsoring 7 oen- 

■ i»K3nBi m ü i Tf gK. Ib the eeDire of 

■ t^ s £x)ed a Square bans box, c <f, whick 

■ ti%)&t3T läiBti tovmfik tke top; Um ädes 

■ cf tkk Kax mre Ü miDi m e tt e a li%k rnnd 

I 1$ MilÜBctret Wide; h lu» m eylindzio 

■ CATiST of If mOHsetrei deep mnd 10 mil- 

■ lisjcö«» im dtttOMCer. Eaeh ade of tlie 

I Kix ln&. 4 milluMCra h<om the «pper 

rim. a ciivalar a p a tm e of 8 inilKwy ^ »^ ^ 
dtaBtHM-. Wiftdix^ to the inner cavity. 
One of the ades has fitted into it^ 1 miDi. 
Bietie belov the cirmlar apertnre^ a tabe 
OTer whkh is drmwn Tuloanixed india- 
mbber whidi anres to oonvej the gas 
to the appftratnsL This tabe is tarmd 
in the sbape shown in ¥ig, 14 ; it h«B 
a boie of 4 millimetzes diameter. The 
gas conrejed into it through the india- 
rabber n^issaes from a tnbe plaoed in tbe 
centre d the caritj of the box. This 
tabe, whidi is 4 millimetres thick at the 
top, thicker at the k>wer end, projects 3 
millimetre abore the rim of the box ; the gas iasnes from a narrow 
opening which appears formed of 3 radii of a circle, inclined to 
each other at an angle of 120^ The length of each radias is 1 milli- 
metre ; the opening of the slit is ^ millimetre wide ; e /latL braas tabe 
90 millimetres long, open at both ends, and having an inner diameter of 
9 millimetres ; the screw at the lower end of this tabe fits into a nat 
in the apper part of the cavity of the box. With this tabe screwed in, 
the lamp is completed. On opening the stopeock the gas roahes 6em 
the trifid slit into the tabe e /, where it mixe« with the air ooming in 
through tbe circular apertares (c). When this mixture is kindled at^ 
it bums with a straight^ aprighl^ bloish flame, entirely finee from aoot^ 
which may be r^gulated at will bj opening the stop-oock more or leas ; 
a partial opening of the cock suffices to give a flame fully answering the 
porpose of the common simple spirit-lamp ; whilst with the füll stream 
of gas tumed on, the flame, which will now rise up to 2 decimetres in 
height, buming with a roaring noise, aflbrds a most exoellent 
sabstitute for Üie Berzelius lamp If the flame b made to bam 
rery low, it will oflen occur that it recedes ; in other worda, that 
instead of the mixtare of gas and air buming at the mouth of 
the tube e /, the gas takes fire on issaing from the slit, and bums 




Fig. 14. 
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below in the tobe. Thia defpct may ba p«rfoctIy obTJsted by ooTeriDg the 

tube « / at the top with a little wire cap. Flasks, 4a, wbicU it ia 

intended to heat oy«r the gas-lamp, are most oouveniently sapported ou 

wire gftoze. If it ia wishad 

to ose the gsB-lamp int blow- 

pipe Operation!, the tobe jr h 

must be inserted into e/; Üiii 

tube terminateB in aflattened 

top slanting aC au aogle oi 

6)^ to the «dB, and having 

SD opening in it 1 oenti- 

metra long and I^ to 2 nilli- 

inetres wid& The ituertion 

ot g h into a/aerves to cloHe 

np the air-holes in the box, 

and pure gas, burning with a 

Inmiuona fiame, iaaues accord- 

iiiglj now front the top of the 

tube. Fig. 15 showa the &p- 

pamtus complete, fixed in the 

fork of an iron atand ; this 

arrangement penniti the lamp 

being moTed baokward and 

fiirward between the pronga 

of the fork, and up and down 

tlie pillar of the atond. The 

moveable ring ou the same 

pillar servea to anpport the 

objecte to be operated upon. 

The 6 radii round the tube 
of the lamp aerve to support 
an iron-plate chimnay (aee F' 
titative analyaea 

To heat craoiblea to the brighteat red beat, 
or to a white heat, the gaa-blast is reeorted to. 
Bat eren wilhoat thia the aotion of the ga»- 
lamp may be oonaiderably heightened by 
heating the cminble within a amall clay fur- 
naoa, aa reoommended by 0. L. Erdmabn. 
Rg. 16 shows the simple oontrivance by 
whioh this is efieoted. The furnaoes are 
• llfi millimetreehigh, and meaiure 70 milli- 
netrea diametor in tl» «laar. The thlckoesa 
of material is 8 millimetree. 

Butuon' haa devised also a somewhat im- 
proved fonn of hla lamp, to fit it for prooeaaea 
of rednction, oxidation, fuaion, and Tolatilizt^ 
tion, and also to aerre a* a anbaUtute (br the blowpipe-blaat. (See 




;. 16), or a porcelün plate used in quan- 
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e iUuatratioa shows the part a, which is fitted for aorewing od and 
off; also tbe oonioal iron-pLate chiumey, b, whioh ia 30 mülimetre« 
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wide at the top, and SU miDimetnB >t 
tbe bottom, and resU on the Bof^iorten ece« 
ia tmch a nanDer that the bnraer-tnbe d n 
plaoed iu the axia of the chimnej «od enda 45 
milUmetree belo« the uj^ier mooth of the lat- 
ter. As thü ooustraction, on the one hand, 
permits &□ easjr regnlation of the aooeaa of air, 
the cbimney, on the other hand, ensona a 
tall, eteady, and evenly-bnmiug fläme of the 
ihape shown in the UlnaCration. Looking attea- 
tively at the flame in the illaatratioo, TS 
distinguiah in it an inner part and two maatleB 
surrounding it. The inner part correspondi 
to the dark nncleua of ths common candle, oU 
er gas flame, and cootains the mixtnre of gu 
and air iasuing fmm the bnmer. If the ga»- 
cock is so adjusted that the apex of the inner 
part of the flame ia on an exaot level with the 
upjKr mouth uf tbe chiranej', a flame is obtained 
of perfectl; conetant dimensions, which ronaim 
quite steady, and ia aharply defined in it« partis 
and maj aUo, at all timee, be reprodaced in 
exacttj the aame condition. The nuuitle imme- 
diately surrounding the inner part contaios still 
Bome unconsumed carbide of hydrogen ; the 
Fig. 17. oater mantle, which looks blner and less Inrai- 

nouB, conaiBts of the last producta of combustioii. 
The hottest part of tbe flame baa, according to BuDsnn'a caiculation, a 
temperature of 2300" centigvade (4172° FabrenheiL) This hotteat part 
lies in. the mantles anrrouoding the inner [lart of the flame, in a 2one 
extending a few mUIimetrea upwarda and downwarda from tbe tntnsvenw 
section of tbe flame acrou the apex of tbe inner part. We will term thii 
region the son« offution. Bunseh calls it the " SchmelxrawmJ' It aerves 
to try the deportment of bodiesat a temperature of about 2300° centigrails 
(4172° Fahrenbeit.) Tbe outer margin of tbia zone of fuaion aots U 
<mdiiing flame, the inner part of it as redueing flame. The epot when 
the reducing aotion is tbe most powerfiit and energetio liea immediately 
aboye tbe apex of the inner part of the flame. The flame of thia lamp 
ia most admirably suited to bring out the ooloration wbich mony sd^ 
Btanoea impart to flames, and by wbicb tbe attentive obeerver ia enabled 
to detect many hodies, even thongh present in auch exoeedingly minute 
tracea that all other knowo meana of detection bil to disoover them. - 
The sahject of the coloration of flamea will be discassed more fnlly in 
the next paragraph. Here we will simply state, in addition, that tbe 
BuhetitHtion of the gaa-flame in Heu of tbe blowpipe aSbrds the great 
advantage that the samples for ezamination may be plaoed, by meana of 
a bolder, in any desired part of tbe flame, and kept tbere quite fixed and 
iramoveable. A bolder of the kind required is ediown in Fig. 18. 

The arm als easily movedalong thepillarc by meana of the spring slide 
b. The glaas tube ä, wbich bearn, fiised into its sealed end, a platinum 
wire about 0.145 millimet. thick, with the otiter end twisted into a small 
loop, is pushed orer the horizontal arm a. If this loop is moistened, and 
then dipped into the powder of the suhatanoe to be examined, a portion 
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of the powder adheres to it If 
this loop ifl now held near the 
flame, the powder agglatinates or 
fuses, and sticks &8t to the loop, 
which is then throst into the desired 
part of the flame. Decrepitating 
Bubstances must previousl j be ig- 
nitedin acoveredplatinumcruoible. 
If fiiiids are to be examined, with a 
Tiew to ascertain whether thej 
hold flame-coloring substances in 
Solution, the round loop of the 
platinum wire ia flattened by a 
few blows with the hammer into 
the ahape of a platinum riug. If 
this is dipped into the fluid to be 
examined, and taken out again, 
there remains adhering to the 
inner circle a drop of the liquid« 
This is evaporated by holding the 
loop near the flame, taking oare, 
however, to keep the liquid from 
boiling, and the residue is then 
examiued by thrusting the loop 
into the zone of fusion. (Bunben). 



§ 15. 




Fig. 18. 



14. Obsebtatiok of the Colobation of Flame by cebtain Bodies 

AND SpECTBUM AnALTSIS. 

Many substances have the property of coloring a colorless flame in a 
very remarkable manner. As most of these substances irapart each of 
them a diflerent and distinct, and accordingly characteristic, tint to the 
flame, the Observation of this colorization of flame affords an excellent, 
easy, and safe means of detecting many of these bodies. Thus, for 
instance, salts of soda impart to flame a yellow, salts of potassa a violet, 
salts of lithia a carmine tint^ and may thus be easily distinguished from 
each other. 

The flame of Buhsen*s gas-lamp, with chimney, described in § 14, and 
shown in Fig. 17, is more particularly suited for observations of the 
kind. The substances to be ezamined are put on the small loop of a fine 
platinum wire, and thus, by means of the holder shown in Fig. 18, 
plaoed within the zone of fusion of the gas-flama A particularly 
atriking coloration is imparted to the flame by the salts of the alkalies 
and alkaline earths. If diflerent salts of one and the same base are com- 
pared in this way, it b found that every one of them, if at all volatile at 
high temperatures, or permitting at least the volatilization of the base, 
imparts the same color to the flame, only with diflerent degrees of 
intensity, the most volatile of the saltis producing also the most intense 
colorization; thus, for instance, chloride of potassium gives a more 
intenae coloration than carbonate of potassay and this latter again a 
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mnre inttniM one thim mlicftt« of potus«. In the omf of diffienlÜj 
vulHtilo ooni]Hiiiiiilm ttie colontion of tbe fl^me mMj oft«n be broi^t 
oboiil, or tiiKilo riiorv *[i|Mrant, bj adding aome other body «liich ha» UM 

!H>v«r of dvoomposing th« componnd ander ezamiDadon. Hai^ fbr 
uatAiioo, in lilimU« oonteitiiug onlj • lew per oenta of potwHK, tbe lattcr 
iHxly cniinnt b« iliitvü/ detected hj oolonüon of flame ; bat tbU datae- 
tioii mmy Im iwoompliahed b^ addmg to tbe silioate a litüe pnre gypenm, 
R^ thi« will oauMi formalion of sUicat« of lime and of sofieiflntlj rolatile 
■uli>)iata of ]>otaMa. 

Itiit huwdvpr dooinire a t«6t the nere ooloration of flame aSrndi 
fnr thn (Intcotion of eertain metallio Compounds, when preaent nnmixed 
with othnns tliin Wt l>oooin«n apparantly quite oaele« in the eaae of 
iiiixtiimi of cuiu{h>iiihIb of Hweral uietala. Thus, for inatance, mixtnm of 
Mit* of ]iot>nu kik) mmU ahow only tbe aoda flame, mixtures of lalts of 
Imryta auil titn>nti» iiiily the baryta flame, Ao. Thia defect may be 
n'iixilml, h<>wi>vt>r. in twu wnyti, with the most Burprising saooeas. Botii 
winr« havo oiilj- ()»iit<' ««wiitly bt-en diaoorered. 

Tlio »Hfl wa,v. Ktarttil fintl by Cartxkll,* and perfected afterwarda hr 
Uritautt am) \>y Mkhz.^ onnaistaiu lookiugatthe colored flame thronga 
MniKi oolnrrd nimÜiim (colored glasaca, indigo Solution, &«.). Soch 
oolnrnd media, in «tfitoing the flnme coloration of the one metal, Mog 
uut timt iif tho uther mi'tal hiixed with iL For instanoe, if a mixtore o( 
a Mit of potaiua am) a aalt of mxU is expoaed to the flame, the latter will 
oiily nhnw the yullnw aoda ooloration ; bat if the flame be now looked at 
through K diH'i>-l>lii(>-tiiitod oolialt glsaa, or throngh aolution of indigc^ 
tliii y<illowiUHla oolonttiiin will disappear and will be replaced by the 
violot )K>taMa tint A simple apparatus nufficen for all ob««rvations aod 
tix|>rriniiitits of the kiiitl ; all that is required for the pnrpoee being, — 

1. A htillow priHni (mw Fig. 19) oomposed of niirror plates, the chief 
iHKrtion of whioh forma a triangle with two aitlea of 150 millimetrea, and 
0110 sido of 30 millimetraa length. 




Fig. 10. 

Tbo indigo aolution required to fill thia prism is prepared by diaBolring 
1 part of indigo in 8 perts of fliming sulphuric aoid, addiag to the aolutioD 
1800-2000 parts of water, and filtering the fluid. When using this 
apporatuM, the prtsm is moved in a honsontal direction close before the 
eyes in such a way that the raya of the flame are made to pe&etrate sno- 
cessirely thicker aod thioVer layem of the eflacing medium. 

2. A blue, a violet, a red, aud a green glaas. The blue glass ia tinted 
with protoxide of oobalt ; the violet glass with sesqniuxide of man- 
ganese ; the red glass (pftrlly oolored, partly uncolored) with suboxids 
of copper ; and the greea glasa with seaquioude of iron and protoxid« of 

■ Pbil. Msg., zvi. 82S. + AnnsL d. Chem. o. Pharm., üi. 2(7. 
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copper. The oommoD oolored glasses Bold in the shope for omament- 
ing Windows, will genenlly be fonnd to cuuiwer the purpoee. As 
regards the tiote imparted to the flune hy the difierent bodies, wheu 
viflved throngh the afbrewid media, and their combinations, hj which 
thcae bodiea are severally identified, the infonnation reqnired will be 
found in Section HL, in the pan^^phjs treating of the eereral basee and 
acida, 

The other method, whioh ia caJled Speetrwn Analytü, was discoTered 
bj EiBCHHOFT and BtruSEH. It [wnsistB in letting the ra^s of the colored 
flämo paas first through a narrow alit, thea through a priam, and ob- 
serring the so refraotod raja throngh a teleaoope. A diRtinot spectrnm 
ia thoH obtained for ereiy flame-ooloring metal : this spectrum conaiats 
either, as in the oaae of baryta, of a namber of colored linea Ijing eide b; 
aide ; or, as in the caae of lithia, of two separate, difierently-colored lines ; 
or,aa in thecaseof soda,of asingle yellow liue. Theee epectra are charao- 
teristio in a double sense — viz., the «pectrom line« have a distinct oolor, 
Uid they occapy also a fixed poaition. 

It is thia latter circumstönoe which enablea na to identify withonc 
diffioalty, in the speotnim obaervation of mixtures of flame-coloring 
metals, ever; individnal metaL Thon, fbr inatance, a flame in whioh a 
mizture of potassa, soda, and lithia aalta is evaporated, will give, aide b; 
aide, the apeatra of the sereTsl metala in the most perfect purity. 

KiBCHBOfT aud BuNSBN have construoted two kiuds of apparatos, 
which are both of them soited for apectrum Observation, and enable the 
Operator to determine by measure the apots in whiob the »pectrum linea 
make tbeir appearance. Both are oonetructed apon the aame principte. 
A deaoription, with illostration, of the larger of the two, wbich ia also 
the moBt perfect one, bas been published in Poggendorff"» " Annalen," 
113, 371, and in the "Zeitachrift für Analytische Chemie," 1862, 49. 




Tlg. 20 o. 
The nnaUer, more nmple, and acoordingly oheaper apparatui^ whioh 



il OBSUVATION 07 THB COLORATION OF FLAMB. 

niitliaen for all oommon purposea, and will probablj be xued moit 
in ehtim\o$l Uboratories, we will describe here. It ia shown in 
Vil^ 20 a. 

A i« Mn iron disk, in the centre of wbicb a prism, with cirenlar i^ 

fmniUtfi fäo*m of about 25 millimetres diameter, is fitstened bj a bow, 

wbfch \irtmm upon the upper face of the prism, and is secared below to 

i\m irrm phia bv a Horew. The aaroe disk has also firmly &steiied to it 

Um ibriM» Mim B, 0, and D. Eaoh of theee tabes is soldered to a metal 

hUtck, rif whioh Fig. 20 b gives an enlaii^ed representation. This blodc 

iffminUm tho nuta for two screws, which pass through wider openings in 

i^m Iron plat«, and aro firmly seoured beneath when the tube has been 

adJuMiMi in the probier poeition. B is the Observation telescope ; it has 

a magnifying iK)wor of about 6, with an object-glass of 20 millimetres 

diarnifUtr. Hie tul)e is closed at one end by a tin-foil disk, into 

wbl/)h the r^orjiendioular slit is cut through which the light is 

«/IntitU^d. The tube D carries a Photographie copj of a millimetre- 

mmUf |iro<lnoiMl in the oainera obscura on a glass plate of aboat one- 

fffUi#ntb tha original dimensions. This scsde is oovered with tin- 

tftilf with the iixoo|)tion of the narrow strip upon which the diviaional 

liniM aml the nutnbors are engraved. It is lighted by the flame of a 

iaf»#r or oandln plaood olose behind it The axes of the tabes B and D 

am dlrm)iod, at the sanie inolinatiou, to the centre of one face of the 

tffisni, whllst the axis of the tube C is directed to the centre of the 

^H^bifT faiMi of the prinm. This arrangement makes the spectra produced 

hy tha ritfraotion of the oolored light passing through C, and the image 

tif tbit Noale in I) nroduoed by total reflection appear in one and the 

aania «poip so that tlie positions occupied by the spectrum lines may be 

raa^l off on the scale. The prism is plaoed in about that position in 

wbi/ih tbitrn is a ininimum divergonoe of the rays of the sodium line ; 

and ibe Uilesoope is set in that direction in which the red and the violet 

)HtiHm\uui lines are about equidistant from the middle of the field of 

vii»w. Tha orilorless flame into whioh the flame-coloring bodies are to be 

ininidticedp is plaoed 10 centimotres from the slit. Buksem's lamp de- 

tmrWmil fiage 10, and shown in Fig. 17, gives the best flame. The lamp 

in a^ljustmlfio aa to place the Upper border of the chimney about 20 mil- 

IfmatrMi below the lower end of the slit. When this lamp has been 

li((fit«<l, and a bead of substance — say of sulphate of potassa, for instance — 

intrr>diioed into the xone of fusion by means of the holder described 

(Nige 20, and shown in Fig. 18, the iron disk of the spectrum apparatus, 

whioh, with all it carries, is moveable round its vertical axis, is tumed 

tintil the point is reaohed where the luminosity of the spectrum is the 

inost intense. 

To out off foreign light in all spectrum observations, a black doth, with 
threo oiroular openings in it for the three tubes, is thrown over the 
prism and the tubes. The spectra produced by the alkalies and the 
alkaline earths are shown in Table L, Fig. 1. The solar spectrum has 
been added simply as a guido to the position and bearings of the lines. 
The spectra are represented as they appear in the apparatus fumished 
with an astronomic telescope. In the third section, in the chapters 
treating of the several bodies, attention will be called to the lines which 
are most characteristic for each metaL Here I will simply state the 
manner in which tho highest degree of oertainty is imparted to spectrum 
analysii. This is done by ezposing the beads of the pure and unmixed 
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metallic Compounds to the flame, and marking on copied scales the Posi- 
tion which the most striking speotrum lines oocupy on the scale of the 
apparatas, in the manner shown^ hj way of illustration, in Table I., 
Fig. 2, with r^gard to the Strontium spectnim. It is self-evident that the 
spectnim of an unknown substance can only pass for the Strontium 
speotrum, if the characteristic lines not onlj agree with those of the 
latter in point of color, but appear also in exactlj the same position 
where thej are marked on the Strontium scale. 

The drawings of such scales every Operator must, of course, make for 
bis own apparatus ; and they become useless for the intended purpose 
if auj alteration is made in the position of the prism or the scale. It is 
therefore alwajs adyisable to set the apparatus so ^that it can be easilj 
readjusted to its original position, which is most readily done by making 
the left border of the sodium line coincide with the number 50 of the 
scale. 

With the introduction of spectrum analysis a new era has, in many 
respects, begun for chemical analysis, as by means of this disoovery we 
can detect such minute quantities of bodies as by no other method. 
Spectrum analysis is marked moreover by a certainty above all doubt, 
and gives results in a few seconds, which could formerly be obtained 
only, if at all, in hours or days. 
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§16. 

Appabatüs and Utensils. 

As many students of chemical analysis might find some difficulty in 
the selection of the proper apparatus, &c, I append here a list of the 
artides which are required for the Performance of simple experiments 
and investigations, together with instructions to guido the Student in the 
purchase or making of them. 

1. A Berzelius Spirit Lamp (§ 14, Fig. 11). 

2. A Qlass Spibit Lamp (§ U, Fig. 13). Or, instead of these two, 
where coal-gas is procurable, a Bunaen's Gasr-lamp, best one with chaplet 
and chimney (§ 14, Figs. 14, 15, and 17). 

3. A BLOWPiPE (see § 13). 

4. A PLATINUM CRUCIBLE. Sclect a crucible which will contain about 
a" quarter of an ounce of water, with a cover ahaped like a shallow dish ; 
it must not be too deep in proportion to its breadth. 

5. Platinum foil, as smooth and clean as possible, and not very thin : 
length about 40 millimetres ; width about 25 millimetres. 

6. Platinum wirb (see § 13 and § 14, Figs. 10 and 18). Three 
stronger wires and three finer wires are amply sufficient. They are 
kept most oonveniently in a glass filled with water, most of the beads 
being dissolved by that fluid when lefb in oontact with it for some time j 
the wires maj thus be kept always clean« 
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7. A STAiTD wiTH TWM.VK TMT TüBES — 16 to 18 oentimetrea is &boat 
tbe proper leugUi of tbe tubee, from 1 to 2 centimetree tbe proper width. 
Tbe tnbes mu^ bo mode of thiu white gtass, and so well annokled that 

they do DOt orack erea 
tbongb boiling water be 
poured into them. The 
rim mual be qnite rotuid, 
aDdelightl^tamedoTer; 
it onght not to have a 
lip, aa this is nseleas and 
simplf prerente the tnbe 
being oloael^ «topped 
with the finger, and alao 
ahaking tbe Contents. 
Tbe Btand sbown in 
flg. 21 will be fonnd 
moet Buitable. The pega 
on the Upper ahelf serve 
for the cieaji tubea, which 
Timj tbus be atwaja 
*^- 2^' kept dij and ready for 

8. Setsral beakeb olabses and SMALL betobts of tbin, well annealed 
glaas. 

9. SkTEBAL POKCBLAnr ETAPOBATINO DISHE8, ANS A VARIETT OF BltAUi 

POBGBLAIN CBUCIBLBS. Thoae of the royal tnauufaoture of Berlin are 
nnexccptionable, both in sh&pe and durability. Meissen porcelain will 
also anawer the purpoae. 

10. Sevekal olabs fdnnels of varioQs nizea. They must be inclined 
at an angte of 60°, and nierge into the neck at a definite angle. 

11. A WASHiNO BonxB of a oapacity of from 300 to 400 cnbio oenti- 
metrea (see § 6). 

12. Setebal glasb bods AMD OLASB TDBBS. Tho latter are bent, drawn 
ont, Jeo., over & Berzeliua apirit-lamp ; tbe former are rounded at the 
enda bj fnaion. 

13. A aeteotioD of wATOR-aLABSES. 

14. A amall aoate hobtab. 

15. A pur of amall steel or BRisa pincebs, abont four or fire inches 
long. 

16. A WOODEM riLTEBDia BTAMD (see § S). 

17. A TBiPOD of thin iron, to anpport the dishea, See, which is in- 
tended to heat over the ainall apirit or goa lamp, 

16. The Colored Glasses desoibed in § 15, eiipecially blne and green. 
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§ 17. 



A YABiETT of phenomeDa may manifeet themselves lipon the decom- 
pofiition or oombination of bodies. In some cases liqnids change their 
color, in othen precipitates are formed ; sometimes effervesoence takes 
place, and sometimeB deflagration, ko, Now if these phenomena are 
very striking, and attend only npon ihe action of two definite bodies 
Tipon one another, it is obvioiu that tbe presence of one of tbese bodiefi 
maj be detected bj means of the other : if we know, for instance, that a 
white precipitate of oertain definite properties is formed upou mixing 
baryta with solphoric acid, it is clear that, if npon adding baryta to any 
liquid, we obtain a precipitate exhibiting these properties, we maj con- 
dnde that this liquid contains sulphnric acid. 

Those substances which indicate the preeence of others bj any striking 
phenomena are called reagerUe. 

According to the different objects attained by the application of these 
bodies, we niake a distinction between general and special reagents. By 
general reagents we understand those which serve to determine the cLass 
or grov/p to which a substance belongs ; and by gpecial reagents those 
which serve to detect and determine bodiea individually. That the line 
between the two divisions cannot be drawn with any degree of precision, 
and that one and the same substanoe is often made to serve both as a 
general and a special reagent, cannot well be held a valid objection to 
this Classification, which is in £Ekot simply intended to induce a habit of 
employing reagents always for a settled purpose — viz., either simply to 
find out the group to which the substance ander examination belongs, 
or to determine the latter individually. 

Now whilst the usefulness of general reagents depends principally 
npon their efficiency in strictly chajractermng groups of bodies, and often 
effecting a oomplete Separation of the bodies belonging to one group from 
those belonging to another, that of special reagents depends upon their 
being characlerisUc and eensilive, We call a reagent charact&ristiCf if the 
alteration produced by it, in the event of the body tested for being pro« 
sent, is so distinctly marked as to admit of no mistake. Thus iron is a 
chancteristic reagent for copper, protochloride of tin for mercury, because 
the phenomena produced by these reagents — ^viz., the Separation of 
metallic copper and of globules of mercury — admit of no mistake. We 
call a reagent sensitive or delicaUf if its action is distinctly perceptible, 
even though a very minute quantity only of the substance tested for be 
present ; such is, for instance, the action of staroh upon iodine. 

Yery many reagents are both charaoteristic and delicate; thus, for 
instance, terchloride of gold for protoxide of tin ; ferrocyanide of potas- 
sium for sesquioxide of iron and oxide of copper, &o, 

I need hardly mention that, as a general rule, reagents must be che« 
mically pure — 1.0., they must oonsist purely and simply of their essential 
constituents, and must contain no admixture of foreign substances. We 
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niBt Uiere^>c« makeit ma inTunbfe mk ioteiitke purityqf&ur reagenü 
^A»rv «of luir tkim^ no BAtter w&cihcr Üiej be arüdes of <Kir own pro- 
dttctioQ oc parchaM«L Ahboogk Um mtemtiiy of this is fbllj admitted 
OQ all handk t«I ve find %hmx in prmdiei it is too alten negleoted ; thos 
it b bj Qo nMttus nnciMnaioa to tM alnnüna entered unong tbe sab- 
•ImnciM diHccted in mn annlj»» '(^■^pfy bc cana e the aolotion of potaaea 
uai^i AS one of tbe Kegents bappened to eontain tbnt earth ; or iron, 
btraauae Ibe cbloride of aBmoninoi naed was not firee from tbat metaL 
Tbe dirvctknia gi^en in tkb aectkft Ibr tarting tbe fnuity of tbe sevenl 
reagifnls rviSNr» of conne» onhr to tbe pt O KOt e of foragn matter leaalting 
firiMu tbe UMide of tbe&r prepaiatiiMi, aiad not to UMre aocidental admix- 
tnna. 

Oue of tbe UKKt cottmon toaiteB of error in qnalitatiTe analjsis pro- 
ceeds fKua idiwiag tbe pvoper meaian — tbe rigbt qoantit j — in tbe appli- 
eatiou of rvagi^nta Sttcb teraw aa ^mMiiiom im aaBceM," **smpermUuraiumt'' 
<IK\, often induce noncea to nppoae tbat tbej cannot add ioo mach of 
tb«« n^agent« and tbna «ose will/äfa lest tobe witb aeid, aimplj to tuper- 
miHr\%$0 a fi»w dn>pa of an alkaline finid» wbereaa every drop of add 
add^l« aAer tbe nentnJimtion point baa once been reacbed, ia to be 
KH>k^l u|HUi a» an «kkw of acid. On tbe otber band, tbe addition of an 
iii«tttlioi<»ul amount i» to be c^nallj aToided, since a reagent added in 
iiMudloii^ut qiiaiitilT often prodncca pbenomena qnite different froax 
ih\»0 whicb will app«ar if uk^ aame reagant be added in exoeas : e.g.f a 
•ulution of obloride of OMrenrv riebb a wßkiu preeipitate if teated witb a 
•MMi// ^uantiljr of bTdnwnlpburic acad ; bat if treated witb tbe same 
rva|i«»iit m axvM«» tlie predpitate la MadL Experience baa» boweTer, 
pi\)ViHl tbat tbe moat oommon mutake beginners make» ia to add tbe 
reagvuts Xoo co^aoualj. Tbe leason wbj tbia orer-addition most impair 
the acourac/ of tbe results ia obTioas ; we need simplj beer in mind 
tliat the changea etfected br nea^^ts areperceptible witfain oertain limits 
oul}\ aud that tberefore tbejr maj be tbe more readily oreriooked tbe 
nearer we amMroadi these Umita by dilating tbe flaid. 

No B|)ecial and definite nil«a oan be giren fbr avoiding tbia aooroe of 
error ; a g^neral rule majr, bowever, be laid down, wbidi will be foand 
to auswar tbe purpoae» if not in all, at käst in tbe great majori^ of 
oasos. It is aimplj tbis : iM Ma ftmJmi ahcay$ rtßed be/are the addition 
ilf a rfogmi/or toAol pmrpom ke appliei il, amd «olol ar« tÄephenammia 
h$ inieMis to produee. 

We divide reagenta into two dasaes, acoording to wbetbw tbe State 
of fluidity whioh is indispensable for tbe manifeatation of tbe action of 
reagents upon tbe varioas bodies» ia broogbt aboat hj tbe application of 
heat, or by means of liqaid solrenta ; we bave conaeqaentlj, 1, Heagenit 
in the humid «ooy ; and S, Beagente in the dry way. For greater olear- 
ness we snbdivide tbese two principal classes as fi^ows : — 

A. REAGKNT8 IN THB HUMID WAY. 

L Simple SoLVENra 
II. AciDS (and Halogsns). 

a. Oxygen cteide, 

b. Hydrogen acide and hdtogent, 
c Sulphur acidi^ 



SDfPLE SOLVSNTS. 29 

IIL Bases (and Metalb). 

a. Oxygen bases, 
5. SvXphv/r bcues, 

IV. {Sai/ts. 

a, Of the dOcdliea. 

h, Of the cUkaline eartha. 

e, Of ihe Oxides of the hea/vy metah, 

y. COLOBINO MaTTKBS AKD INDIFFERENT YSGETABLE SUBSTANCES. 
B. REAGENTS IN THB DEY WAY, 

I. Fluxes. 
IL Blowfipe Beaoents. 

A, BEAGENTS IN THE HUMID WAY. 

I. Simple Solyents. 

Simple Bolventa are fluids which do not enter into cheroical combina- 
tion with the bodiee dissolyed in them ; thej will aocordinglj dissolve 
anj quantity of matter np to a certain limit, whioh is called the point of 
Saturation, and is in a measure dependent upon the temperature of the 
solvent. The essential and characteristic properties of the dissolved 
sabstances (taste, reaction, color, &c.) are not destroyed hy the solvent. 
(See § 2.) 

§18. 

1. Watek (HO). 

FrepctraUon. — Pare water is obtained bj distilling spring water from 
a oopper still with head and oondenser made of pure tin, or from a glass 
retort ; which latter apparatus, however, is less suitable for the purpose. 
The distillation is carried to about three-fourths of the quantitj operated 
upon. If it is desired to have the distilled water perfectly free from 
carbonic aoid and carbonate of ammonia, the portions passing over first 
mtist be thrown away. In the larger chemical and in most pharma- 
oentioal laboratories, the distilled water required is obtained from the 
steam apparatus which serves for drjing, heating, boiling, &o. Hain 
water coUected in the open air may in manj oases be substituted for 
distilled water. 

Tests, — Pure distiUed water mnst be colorless, inodorous and tasteless, 
and must leave no residue upon evaporation in a platinum vesseL Sul- 
phide of ammonium must not alter it (oopper, lead, iron) ; its trans- 
parency must not be in the least impaired bj basic acetate of lead (car- 
bonic add, carbonate of ammoniaV nor, even afler long standing, bj 
Oxalate of ammonia (lime), chloride of barium (sulphates), or nitrate of 
silver (metallic Chlorides). 

Uses, — We use water* principally as a simple solvent for a great 
varietj of substances ; the most convenient waj of using it is with the 
waabing bettle (see § 6, Fig. 2),b7 which means a strenger or finer stream 
may be obtained. It serves also to effeot the conversion of several 
neutral metallic salts (more particularly terchloride of antimony and the 
salta of bismuth) into soluble aoid and insoluble basio Compounds. 

* In Analytiesl ezperiments we use only disHlled water ; wbenever, therefore, the 
tenn "water*' oocun in khe present work, distilled water is meant. 
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§19. 

2. Alcohol (0^H,O,). 

PreparcUion, — Two sorts of alcohol are uaed in chemioal taaljam: 
Yiz., Ist, spirit of wine of 0-83 or 0*84 spec gr. = 91 to 88 per eent by 
yolume {spiritiu vini rectificcUimmus of the pharmaoeutiat) ; and 2d^ 
abRolute alooboL The latter may be prepared moat ooiiTioBieiitly hj 
mixing, in a dlstilling vessel, 1 part of fnised chloride of oalciom witk two 
parte of rectified spirit of wine of about 90 per cent hj volume, digesting 
the mixture 2 or 3 days, until the chloride of oalciom ia diaaolvad, and 
then duttilling slowly and in fractional portions. So long as the distillate 
shows a specitic gravity below 0*810 = 96*5 per cent by voIume), it may 
pafiH for absolute alcohol. The portions Coming over afier are reoeived in 
a separate vessel. 

Tests, — Pure alcohol must completely Yolatilize, and ongbt not to 
loave the least smell of fusel oil when rubbed between the hands; 
nor Bhould it alter the color of moist blne or red litmas paper. WheD 
kindled, it must burn with a faint bluish barely perceptible flame. 

Uses. — Alcohol serves, (a) to effect the Separation of bodies aoInUe in 
thifl fluid from others whioh do not dissolve in it, e.g. of chloride of 
Strontium from chloride of barium ; ^6) to precipitate from aqaeons 
Solutions many substances which are msoluble in dilute alcohol^ «y. 
gypsum, malate of lime ; (c) to produce various kinds of ether, «.^. acetic 
ether, which is oharacterized by its peculiar and agreeable smell ; {d) to 
reduoe, moHtly with the co-operation of an acid, certain peroxides and 
niotallic acids, e.g., binoxide of lead, chromic acid, <kc. ; (e) to detect cer- 
tain Hubstanoes which impart a characteristic tint to its flame, eepecially 
boracic acid, strontia, potossa, soda, and lithia. 

§20. 

3. Ethkr(C^H,0). 

4. Chloboforh (Cj HCl^. 

5, SCLPHIDE DP CaBBON (C S,). 

These solvents find but limited application in the qualitative anolysis 
of inorganic bodies. They serve indeed almost exclusively to detect 
and isolate bromine and iodine. Chloroform and sulphide of carbon are 
preferable to ether in this respect. 

These preparations are made mach better on a large than on a small 
Scale, and the best way therefore is to procure them by purchaae. 

Tests, — Ether must have a specific gravity of 0*725, and require 9 parta 
of water for Solution. The solntion must not alter the oolor of test 
papers. Ether must, even at the common temperature, rapidly and com* 
pletely evaporate on a watch-glass. Chloroform must be colorless and 
transparent and have a specific gravity of 1 *49. It must have no acid 
reaction, nor impair tbe transparoncy of Solution of nitrate of silver. 
Mixed with 2 vola. of water, and ahaken, its volume must not appear 
perceptibly diminished. It must even at the common temperature 
readily and completely evaporate on a watch-glass. Sulphide of carbon 
should be colorless, readily and completely volatile even at the common 
temperature, and exercise no action upon carbonate of Icad. 
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IL ACIDS AND HALOGENa 

§2L 

The acidfr-*at least those of more strongly pronounoed cbaraoter — are 
soluble in water. The Solutions taste acid and redden litmus paper. 
Acids are divided into oxygen aoids, sulphur acids, and hjdrogen acids. 

The oxygen (icid$, produced generallj by the combination of a non- 
xnetallic element with oxygen, oombine with water in definite propor- 
tions to hydrated aoids. It is with these hydrates that we have usually 
to do in analytical processes ; they are oontained in the aqueous Solutions 
of the acids, and are oommonly designated by the simple name of the free 
add, as the acoession of water does not destroy thelr acid properties. 
In the action of hydrated acids upon oxides of metals, the oxide takes 
the place of the water of hydration, and an oxygen salt is formed 
THO, SO, + KO = KO, SO, + HO). Where these salts are the pro- 
auct of the combination of an acid with a streng base, their reaction 
(supposing the combining acid also to be a streng acid) is neutral ; the 
salts formed with weaker bases, for instance with the oxide of a heavy 
metal, generally show acid reaction, but are nevertheless called neutrsd 
salts if the oxygen of the base bears the same proportion to that of the 
acid in which it is found in the distinctly neutral salts of the same acid, 
or, in other terms, if it corresponds with the Saturation capacity of the 
acid. Sulphate of potassa (KO,SO,) has a neutral reaction, whilst the 
reaction of sulphate of copper (Cu 0, S 0,) is acid ; yet the latter is 
nevertheless called neutral sulphate of copper, because the oxygen of the 
oxide of copper in it bears a proportion of 1 : 3 to that of the sulphuric 
acid, which is the same proportion as the oxygen of the potassa bears to 
that of the sulphuric acid in the confeasedly neutral sulphate of potassa. 

The kydrogen acids are formed by the combination of the salt radicals 
with hydrogen. Most of these possess the characteristic properties of 
acids in a high degree. They neutralize oxygen bases, with formation of 
baloid salts and water; HCl and Na = Na Ol and HO,— 3 HCl 
and Fe,0, = Fe,Cl, and 3 HO. The haloid salts produced by the 
action of powerful hydrogen acids upon strong bases have a neutnJ re- 
action ; whilst the Solutions of those haloid salts that have been pro- 
duced by the action of powerful hydrogen acid upon weak bases (such 
as the oxides of the heavy metals) have an acid reaction. 

The mlphwr acids are more frequently the result of the combination 
of metallio than of non-metallic Clements with sulphur ; they combine 
with sulphur bases to sulphur salts; HS + KS=:KS,HS,— SbS, 
-f-3NaS = 3NaS, SbS,. The sulphur acids being weak acids, the 
soluble sulphur salts have all of them alkaline reaction, 

a. OXYGEN ACIDS. 
§22. 

1. SULPHÜBIC ACDD (HO, SO,). 

Weuse — 

Ow Canceniraied sulphuric acid qf commerce, generally known in Ger- 
many as ßnglieh sulphuric acid. 
fr. Conee^iraUd jmre sulphuric acid. 
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The following ifl ihe best method of preparing pare snlplmrie acid : 
Pour into 4 parte of water 1 part of concentrated salphiiric meid, and 
conduct into the mixture for some time a slow stream of hjdroBulphuric 
acid Let the mixtare stand at rest for several days, then decant 
the dear snpematant fluid from ihe precipitate, which oonaists of sol- 
phur, sulphide of lead, perhape also siüphide of arsenio, and heat the de- 
oanted fluid in a tubulated retort with obliquelj uptomed neck and open 
tubulature until sulphuric acid fumes escape with the aqueonsyapor. The 
acid so purified is fit for many purposes of chemical analjsia ; if it ifl 
witthed, however, to free it also finom non-Tolatile substanoes» it maj be 
distilled f rom a luted non-tubulated retort, heated direcUj over charooiL 
To avoid bumping of the liquid, it is advisable to rest the bottom of 
the retort on a reversed crucible oover. The neck of the retort most 
reach so far into the reoeiver that the acid distilling over drops directlj 
into the body. Refrigeration of the receiver by means of water is nn- 
necessary and even dangerous. To prevent the flask Coming into direei 
oontaot with the hot neck of the retort, some asbestoe in long fibres ii 
wrapped round that part of the neck where such contact might be appr&- 
hended. As soon as the drops in the neck of the retort beoome oily,the 
receiver is changed, and the concentrated acid which now paaaes over is 
kept in a separate vessel. 

c. Coinnwn düuU sulphwrxc acid, This is prepared by adding to 5 partB 
of water in a leaden or porcelain dish gradually, and whilst stirring, 
1 part of concentrated sulphuric acid. The sulphate of lead which sepsr 
ratcs is allowed to subside, and the clear fluid finally decanted from the 
procipitate. 

Tests, — Pure sulphuric acid must be colorless ; when oolorleaa solutioii 
of sulphate of protoxide of iron is poured upon it in a test tabe, no red 
tint must mark the line of contact of the two fluids (nitrio acid, hypo- 
nitrio aoid) ; when diluted with twenty parts of water it must not impart 
a bluo tint to a Solution of iodide of potassium mixed with starch paste 
(hypouitrio acid). 

Mixoil with pure zino and water, it must yield hydrogen gas which, 
ou btnng ^hissimI through a red-hot tube, must not deposit the slightest 
tract> of anH>nic It must leave no residue upon evaporation on platinuni, 
and muüt rt«main |H>rfectly clear upon dilution with four or five parts of 
»pirit of wiuo (oxide of lead, se^quioxide of iron, lime). The presenoe of 
•maU ipiautitiivs of lead is detected moet easily by adding some hydro- 
ohlorio aoid to tho sulphuric acid in a test tube. If the point of oontaßi 
i» markiHl by iurbxdity (ohloride of lead), lead is present 

Tj!«^— Sulphuric acid ha» for most bases a greater affinity than almost 
a)\y othor aoid ; ii is therofor» used principaUy fi>r the liberation and 
«»xpuUiou lUf oth«r aoids, «titp«>o)ally of phosphoric, boraac, hydrochloric, 
uiuio« aud ao<^io aotiia. Se\>wal substanc^ which cannot exist in an 
auhvdixni« »taU^ {f^s i^xalio aoidX are deci^mpoeed when bronght into 
ivutaot with wuiot'utrat«^! »ul^^iuric aoid ; thl» decomposition is owing to 
tho |;rx>at aAluity whioh »ul)>huno aoid ixfeswti6«es for w«ter. The natuie 
\xt' tho dtWMUiHVMHl Kniy uv\y iu suoh caso« bo infon^ from the liberated 
i\i\H)uot» \vf tho do\NUuJH>«itK\n. Stt)|>liuno acid is also frequenUj used 
Kmi" Iho o\%vluliou \^ oortaiu )9^^o«« UKvrv i^artioulariv of hydrogen and 
lvy\)i\Mu)|\Kuino a\Hsl \\ «orvx^ al^\ as a ^i;^'^^ rva^^ont f>r the detection 
aud ^vwsn)Hitativ^^ \xt'bar\tK Mn^xtia. am) VnmL WKat kind of sniphuric 
a\HNl VI K^ W uüosL y h^W Iho )Hin^ oc IW puriäod actd, or the ordinaiy 
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oommeroe, whether ooDoentirated or dilute, depends upon what 
umstaiioes in each eue may require. It will, however, be foond 
) necessarj direotiona on thii point are genendly giTen in the 
Work. 

$ 33. 

2, NiTRio AoiD (HO, NOJ. 

araium, — a, Heat cnide nitric acid of commeroei as free as poa* 
dm chloiine, and of a specific gravity ofat lecul 1*31*, in a glasa 

boiling, Mrith addition of some nitrate of potasaa ; let ihe dia« 
ran into a leceiver kept cool, and try from time to üme whether 
coutinues to precipitate or clond Solution of nitrate of silyer* 

1 as this ceases to be tlie case^ change the receiver, and distil until 
lg quantity onlj remains in the retort. Dilute the distillate witk 
mtü the specific gfavity of ihe diluted acid is 1*2. 

ilute crude nitric acid of commerce of about 1*38 specific gravitj 
ro-fiflhs of its weight of water, and add Solution oi nitrate of silver 
as a precipitate of chloride of silver continues to form ; then add 
er slight excess of Solution of nitrate of silver, let the precipitate 
4 decant the perfectlj clear supernatant acid into a retort or an 
) with ground head; add some nitrate of potasaa free from 
e, and distil until only a small quantity remains, takiug care to 
to the proper cooling of the fiimes distilling over. Dilute the 
te;, if necessary, with water until it has a specific gravity of 1*2. 
r. — Pure nitric acid must be colorless and leave no residue upon 
ütion on platinum foiL Addition of Solution of nitrate of silver 
itrate of baiyta must not cause the slightest turbidity in it. It 
sable to dilute the acid with water before adding these reagents, as 
ise nitrates will precipitate. 

IL — Nitric acid serves as a chemical solvent for metals, oxides, 
les, oxygen salts, &c, With metals and sulphides of metals the 
«t oxidizee the metal present> at the expense of part of its own 
i, and then dissolves the oxide to a nitrate. Most oxides are dis- 
by nitric acid at once as nitrates ; and so are also most of the 
>Ie salts with weaker acids, the latter being expelled in the prooess 

nitric acid. Nitric acid dissolves also salts with solubfe non- 
9 acids, as e.g. phosphate of lime, with which it forms nitrate of 
id acid phosphate of lime. Nitric acid is used also as an oxidizing 

for instance, to convert protoxide of iron into sesquioxide, prot- 
>f tin into binoxide, &o, 

§ 24. 

3. AcETic Acid (HO, C^H,0, = HO,Ä). 

lighly concentrated acetic acid is not required in qualitative 
vcil proceases ; the common acetic acid of commerce, which coutaina 
oent. of anhydrona acid, and haa a apecifio gravity of 1*04, fully 
« the purpoae. 

f. — Pure acetic acid muat leave no reaidue upon evaporaüon, and 
r aatoration with carbonate of aoda — emit no empyreumatic oder. 

* A weaker acid will not aoawer the poipoae. 



HjAroRlp&anc ikbL wobtsaam. o£ aitimfer of sl^cr, and Solution of mtnfte 
m£ b«rrift ATUt ttat cctor or «ukani At £bs%m add, nor mast ralphide of 
^^— >^;t|^ i^rr T-irirmlTitir'« irfTWaräl W irrHr irf Tnnimrnnifn Sdn- 
OML c( iiiv^o Awc BfCC jow IS cobr mh t M hf ffd witk the ackL 

If thie «cd! b Qp?€ pore. itU «a^e aetcafe» of soda and redistil from a 
ghw n»crs not qüse w dr^^icaf ; if xs coatams MiIphorooB aäd (in wliidi 
caK kjdnMiiIpiLvric aai will ^^mia» a vkile torbtdit j in it), digot it 
im wiik ie«e bÜMxiii» cf l«ai or ümdtr pnbredaed binoadde of ma&- 
^ and iIma diMÜ wJMk ar.naw af «odiL 

Cten, — Aoetie aäd puaRflMs a grcatcr aolrcnl power for some sab- 
tkaa isr «&en : ii k «cd tkeivfoe to diitingiiiali the former 
from the lancr : t&w i« aertvi^ fer itawrr» to dntii^;iii8k Oxalate of 
ÜBe firom f^x^phat« of Ebhl Acetäe aad im oeeanonaUj med also to 
acMiokte flai^ whn« it ii wiikcd to avoid ^e emplqjment of mineral 
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Tlie tartaric add of cocaiMree ii woEaeaÜj pure for the pnrpcaes of 
Afw^W^ aoalrn. It is k«pt Vait in powder, aa its aolntion snfiTers de- 
composition aifier a time« a white filoa fonning npon its snrfiMMu For lue 
it » diaulred in a little water with ihe aid of iMat. 

rjML — Tlke aldition of tarUric add to Solutions of seaqniozide of izoiv 
protoxide of manganeae» alumina« and Tarioas other oxidea of metalii 
prerents the asnal prectpitation of theae metals bj an alkali ; this non- 
piecipitation is owing to the fonnation of donUe tartiatea, which are not 
decomposed bj alkaliok 

Tartaric add mar therefore be emplojcd to effeei the Separation of 
these metals from ochers the predpitation of which it doea not prerent 
Taztaric add fonns a difficolür solaUe salt with potassa» bat not so with 
soda ; it is therefore one of oor best rea^ents to distingiush between the 
two alkaliea BUariraie of toda answers this latter porpose still better 
than the free add. This reagent is prepared bj dissolring one of two 
eqnal portions of tartaric acid in waler, nentralixing the Solution with 
ciurbonate of soda, then adding the other portion of the add, and ev^Nh 
rating the solation to the crystallization point. For ose one part of the 
salt is disBolved in 10 parts of water. 

h. HYDROGEN ACEDS AND HALOGENS. 

§ 26. 

1. Htdbochloric Acid (HCl). 

PrepanUion. — Ponr a oooled mixtnre of seven parts of oonoentrated 
solpharic add and two parts of water over fonr parts of chloride of sodium 
in a retort ; expose the retort, with slightlj raised neck, to the heat of s 
sand-bath nntil the evolation of gas ceases ; cooduct the evolved gas, bj 
means of a double-limbed tube, into a flaak contaioing six parts of water, 
and take care to keep this vessel constantlj cooL To prevent the gas 
ftom reoeding the tabe ooght onlj to dip about one line into the water 
of the flask. When the Operation is terminated, try the specifio grmvitj 
of the add prodoced, and dilate with water nntil it marks from 1*11 to 
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1 '12. If you wish to ensure the absolute purity of the aoid, and its per- 
fect freedom from every traoe of araeDio and chlorine, you must take care 
to free the snlphuric acid intended to be uaed in the process from arsenio 
and the oxygen Compounds of nitrogen, according to the directions of § 22. 
A pure acid may also be prepared cheaply from the orude hydrochlorio 
acid of commerce by diluting the latter to a specific gravity of 1*12, and 
distilling the fluid, with addition of some chloride of sodium. If the 
crude acid oontains chlorine this should be removed first by cautious 
addition of Solution of sulphurous acid, before proceeding to the distil« 
lation ; i( on the other band, it contains sulphurous acid, this is removed 
in the same way by cautious addition of some chlorine water. Hydro- 
chloric acid not unfrequently contains an exceedingly minute trace of 
chloride of arsenic, owing to the presence of arsenic in the sulphuric acid 
employed. To free it from this impurity, hydrosulphuric acid is con- 
ducted into it, the mixture allowed to stand at rest for some time, the 
clear fluid then decanted from the sulphur and sulphide of arsenic, aud 
the decanted fluid heated, to expel the sulphuretted hydrogen. 

Tegts. — Hydrochlorio acid intended for the purposes of chemioal ana* 
lyada must be perfectly colorless and leave no residue upon evaporation. 
Xf it lums yellow on evaporation, sesquiohloride of iron is present It 
must not impart a blue tint to a Solution of iodide of potassium mixed 
with starch paste (chlorine), nor discolor a fluid made ßdntly blue with 
iodide of starch (sulphurous acid). Chloride of barium ought not to 
produce a precipitate in the highly diluted acid (sulphuric acid). Hydro- 
sulphuric add must leave it unaltered. 

Usea, — Hydrochlorio acid serves as a solvent for a great many sub- 
stances. It dissolves many metals and sulphides of metals as Chlorides, 
with evolution of hydrogen or of hydrosulphuric acid. It dissolves lower 
and higher oxides in the form of Chlorides, the Solution being in the case 
of the higher oxides mostly atteuded with liberation of chlorine. Salts 
with insoluble or volatile acids are also converted by hydrochlorio acid 
into Chlorides, with Separation of the original acid ; thus carbonate of 
lime is converted into chloride of calcium, with liberation of carbonic 
acid. Hydrochlorio acid dissolves salts with non-volatile and soluble 
acids apparently without decomposing them {e.g. phosphate of lime) ; 
but the &ct is that in cases of this kind a metallic chloride and a soluble 
acid Salt of the acid of the dissolved Compound are formed ; thus, for 
instanoe, in the case of phosphate of lime chloride of calcium and acid 
phosphate of lime are formed. With salts of acids forojiiig no soluble 
acid Compound with the base present hydrochlorio acid forms metallic 
Chlorides, the liberated acids remaining free in Solution (berate of lime). 
Hydrochlorio acid is also applied as a special reagent for the detection and 
Separation of oxide of silver, suboxide of mercury, and lead (see Section 
III., §§ 115 — 118); and likewise for the detection of free ammonia, with 
which it produoes in the air dense white fumes of chloride of ammonium. 

§ 27. 

2. Chlobinb (Gl) AKD Chlobike Wateb. 

Preparaiian, — Mix 18 parts of common salt with 15 parts oi findy 
puloerized good binoxide of manganese ; put the mixture in a flask, 
pour a oofnpieUly cocled mixture of 45 jMürts of concentrated sulphuric 
acid and 21 parts of water upon it, and shake the flask: a uniform 
and conUnaoas evolution of chlorine gas will soon begin, which, whea 

D 2 
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slackeniDg, may be eanlj increaaed again bj the application of a gendi 
beat. Tfcos metbod of Wiegen is exoelleiii, and can be bigblj recom- 
mended Condoct the dilorine gas evolved firat through a flaak oon- 
taining a little water, tbeo into a bottle filled witb oold water, and oon- 
tinue the prooees nntil the fluid is aatorated. Wbere it is deaired to 
obtain chlorine water qoite finee from bromine^ the flaak into wbich the 
ehlorine is fint condncted is changed after aboat one-balf of the dilorine 
bas been expelled, and the gas whidi now paBses over is oonducted into 
a separate bottle filled with water. The düorine water must be kept in 
a cellar and car^ollj proteeted from the action of ligbt ; aüioe^ if thii 
precantioQ is neglected, it speedily saffers oomplete deoompositioQy beiüg 
eonverted into dilate hjdrochloric acid, with erolation of oxygen rresolt« 
ing from the decomposition of water). Smaller qnantitiee^ intended for 
ttse in the laboratorj, are best kept in a stoppered bottle protected fimn 
the influenoe of light bj a case of pasteboard. Chloiine water which hss 
lost its strong peculiar odor is nnfit fbr nse. 

üises, — Chlorine has a ereater affinitj than iodlne and bromine to 
metals and fbr hydrogen. Clilorine water is therefoie an efficient agent 
to effect the expnlsion of iodine and bromine from their oomponnda 
Chloriue serves moreover to eflect the Solution of oertain metals (gold, 
platinum), to convert snlpharons acid into snlphnric acid, pix>tozide of 
iron into sesquioxide, kc ; and also to effect the destmotion of oiganie 
sultstances, a8 in presence of these it withdraws hjrdrogen from the water, 
euabting thus the liberated oxygen to combine with the vegetable matten 
and to eäect their decomposition. For this latter pnrpose it is moit 
advisable to evolv€ the chlorine in the fluid which oontains the organie 
snbstanoee; this is effected by adding hydrochlorio aoid to the fluid, 
heating the mixture, and then adding chlorate of potassa. This givei 
rise to the formation of chloride of ))otas8ium, watcor, free ehlorine^ and 
biohlorate of ohlorous acid, which acta in a similar manner to chlorina 

§ 2a 

3. Nitho-Htdbochloric Acid. Aqua regia, 

PreparcUion. — Mix one part of pure nitric acid with from three to 
fbur parts of pnre hydrochloric acid. 

Ü»e8. — Nitric acid and hydrochloric acid decompose each other, the 
decomposition, mostly resulting, as Gay-Luagac has shown, in the forma- 
tion of two Compounds which are gaseous at the ordinaiy temperature, 
N 0^ Cl^ and N O, Cl, and of free chlorine aud water. If one äquivalent 
of N O^ is used to three equivalents of H Cl, it may be assumed that 
only chloro-hyponitric acid (N CL), chlorine and water are formed 
(NO, + 3HCi = NO,Cl, + Cl + 3HO). 

This decomposition oeases as soon as the fluid is satuiated with the 
gas ; but it reoommences the instant this state of Saturation is disturbed 
by the application of heat or by decomposition of the acid. The pre- 
sence of the free chlorine, and also, but in a very subordinate d^ree, 
tbat of the acids named, makes aqua regia our most powerful solvent for 
metals (with the exception of thoee which form insoluble Compounds 
with chlorine). Nitro- hydrochloric acid servee principaliy to eflfect the 
Solution of gold and platinum, which metab are insoluble both in hydro- 
chloric and in nitric acid ; and also to decompose various metaliic sul- 
phides, e.g,, cinnabar, pyrites, <fec. 
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§ 29. 

4. Htdbofluobilicio Agid (SiFl^ HFl). 

PrepcurcUion, — ^Take quartz sand, wash off every particle of dost, and 
dry thoroughly. Mix one part of the dry sand intdmatelj with one part 
of perfectlj dj^ flaor spar in powder ; poar six parts of concentrated sul- 
phuric aoid over the mixture in a non-tubulated retort, whioh it is 
fidvisable to lute, and mix carefullj by ahaking the vessel. As the 
mixture swells up when getting warm, it most at first fiU the retort 
only to one-third. The neck of the retort is connected air-tight with a 
Bmall tubulated receiver, and the tubulus of the latter again, by means 
of Tulcanized indiarubber, with a wide glass tube twice bent at a riffht 
angle. To the descending limb of the glass tube a funnei is attached oy 
meaDs of vulcanized indiarubber ; this funnei is lowered into a beaker 
Gontaining four parts of water. Promote the disengagement of fluosilicic 
gas, which commenoes even in the cold, by moderately heating the retort 
over red-hot oharcoaL Towards the end of the process a pretty streng 
heat should be applied. Every gas babble produces in the water a pre-^ 
<npitate of hydrated silicic acid, with simultaneous formation of hydro-. 
fluosüidc acid, 3SiPl, + 2HO=i2 (SiFl,, HFl) + SiO,. The pre- 
cipitated hydrate of silicic acid renders the liquid gelatinouB, and it is 
for this reason that the aperture of the descending limb of the tube 
cannot be allowed to dip direct into the water, since it would in that 
Gase speedüy be choked. It sometimes happens in the course, aad espe- 
cially towards the end of the Operation, that complete Channels of silica 
are formed in the gelatinous Üquid, through which the gas gains the 
8ur£u3e withoat undeigoing decompoeition if the liquid is not ocoasionally 
stirred. When the evolution of gas haa completely oeased, throw the 
gelatinous paste upon a linen doth, squeeze the fluid through, and filter 
it afterwards. Keep the filtrate for use. 

Tests. — Hydrofluosilicic acid must produce no precipitate in Solutions 
of salts of strontia (sulphate of strontia). 

Usea. — Bases decompose with hydrofluosilicic acid, forming water and 
metallic silicofluorides. Many of these are insoluble, whilst others are 
aolnble ; the latter may therefore by means of this reagent be distin« 
guished from the former. In the course of analysis hydrofluosilicic apid 
ia applied simply for the detection and Separation of baryta, 

e. STJLPHTJR ACIDS. 

$ 30. 

1. Htdbosülphübio Acn> {SulphureUed Hydrogen) (HS). 

Prepairation, — Hydrosulphuric acid gas is evolved best from snlphide 
of iron, whioh is broken into small lumps and ihen treated with dilute 
mlphuric acid. Fused sulphide of iron may be procured so cheaply in 
commeroe that it is hardly worth while to take the trouble of preparing 
it expressly. However, 'i you wish to prepare it yoursel^ this may b« 
done by heating iron turnings, or 1 to 1^ inch long iron nails, in a 
Hessian cmcible to a white heat, and then adding small lumps of roll-» 
solphar imtü the enUre oontents of the cruoible are in fusion. As soon 
as this ifl the oase, poor the fosed masa out on sand^ or into an olcL 
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«f (ibe ptwtäoa hM introdneed 

F^. «1. belÖR |w i»f Mrilinftfi the addition 

of a freih ona. Wben jon kave 

tkos pat tfa« «bo>« mixftsc into tfce craciUc, eorcr Um latter eloadj, 

and expoK it to a mm« inwnw k»i, MficMBt to mak« Uw »nlpiiiibi of 

iroo fiwf more er I«». 

Tb« ««xJaooB of tbe ga* b «J w. ' ted in tbe appantai Qlnatvatod bf 
Rg. 2*. 

Ponr ««t«r oiro- tb« mlpUde of inm in m, add coaeentiated mlpbvril 
»dd. and tbab Üi« mixtaiv ; Um «Tolrcd pa i> vadtcd in & When K 
snfiicieDt qnanutr ctf gaa ii eTolrtd. pow tbe fluid ofF Uia atill nnd»- 
emapoaei mlphide of iniD. TUM« Um boMl« npeatedlj whb water, then fill 
it with tbat fluid, and keep it fi>r tb« nexi opentioa. If joq n^leet 
tbia, tbe apparatns will ^«edilr b«ooDia inenittMl with cijÄalB of siil- 
pbate of protoxide of iion, whicb ■■ apt to iatetfa« injarionalj with 
safawqueDt pr oo M a ea of n«lntion of giM, 

For \»rger Uboratoriea, or for cbemista haiiug to openta often and 
lar^lr witb hjdrosnlpbnric arid, I can rccornnwod the lead appantus 
demgned hj myself, wbirb I bare now for aer««] T«an emploj'ed with 
tbe moet aatiiÄctoiT rvsalta in mr owu laboratorj* (aee Fifa. 23 and 
M). 

abe dand »fg A (^g. 24) are tvo cjlindrical leaden naaels, soldered 
with pnre lead Tbey are both of the sune adze (in wj own a]^ianita9 
33 ooitimetrei high and 30 centimetres in diameter). t is a £üae bottom 
of lead, perforated like a sieve, placed from 4 to 5 oentimebva abore tb« 
actoal bottom of the vesael, and reating on leaden feet, wbicb sapport it 
on tbe aidee as well as alwi mora particalarif in the niiddl& Thfl 
nnmeroDi holea in tbe seve-lika bottom baTe a diameter of \\ nulU< 
metre ; It abowa the opening throogh wbicb tbe aolphide of iron ia in- 
trodooed into tbe Tmnnl In my apparatna thia apn^nre baa a diameter 
of 7 centimetre^ and ia cloaed bj patting a greaaed leather liog an ita 
broad amooüi rim, and preniog down npon thi^ by meana of three 
winged acrewa, the broad rim of the amooth-tnmed corer. { shows tbe 
opening throagh which the aolntioa of anlphate of protoxide of iron ia 
drawn off; it will be aeen by tbe drawing that tbe bottom of tha Te«d 

■ Hie appantua u tnade bj Mr. Sttmpf, of Wiosbadni, meeliaiiift, ud ftill; aoiwoit 
all reaMtuU« ''-"iiinlt, both u reeard* wrakmaiulüp «nd price. 
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(y A) slanta towards tbe part where this opening ü plaoed The apertars 
has a diam«ter of 3 oentunetree ; it is closod by means of a smooth-tumed 
broad and thick leadea oap, fitting oa the Bmooth-torned broad rim, 
ft&d preesed down npoa it with a wiuged screir. The Remi-«Uiptical bar or 
bow in whicb the ant ia set in moveable, aod hinged to the sidea of I ia a 
manner to admit of ita beiog bent out of reach of the liquid o& drawing 
off the latter. The oonatniotion of the filling tnbe m maj be leamed 
from the drawing, and equall; ao that of the tabe d h, which is intended 
to oonrey the acidfrom the Upper to the lowerTeesel and vüatwrsil Itwill 
be aeen from the drawing tlüt thia tube reaohea down into the sisnting 
and deepened part of the bottom g h, without, however, actuall^ toncfaing 
the latter. The tnbe o e ia olosed at the top, and has therefore no 




Fig. 28. 



oommtmioation with the Upper veaael, being ümpl; intended to let off 
the gOB erolved in e/g h ; to which end it ia connected latentlly hj a 
branch tnbe with the tnbe o ; thia latter tube ia fitted with a atop-oook (n), 
The tnbe q ia oloaed at both enda, and aervea aimfUj oa an additional 
Support for the npper veaael. The tnbes in my apparatua have an inner 
diÄmeter of 16 miUimetrea. 

Tbe proceea of Glling ia oondooted aa followa : put 3'3 kilogrammea* of 
ftiaed anlphide of iron, broken in lumpe, tbrongh the mouth k, npon the 
perforated bottom t ; acrew the oovera properly down npon k and l, ahnt 
die oock n, aod ponr throngh the funnel of tn firat 7 litrea of water, 
then 1 Utre ^ oonoentrated sulpharic add, and then again 7 Ittrea of 

'• TWe qnantitiea W« gixm tue oalonktrf for »n »ppMatni of tho dimenaloiu dated. 
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. IIb r* &«« ib hner, witk 
Ae ao'<fiamäca rf « «la^t tobe «ob- 
itfoMd viii) it ai - Ttj- inwi of Tvkut- 
iied inAamUei; inte lb fläd «üdi it 
X itiaiMJrH U cfwraM tw ; lUi anmogs- 
TWt ^iiaiTj fn iliialM tb «kanaii^df 
thc Mni^t tabe di|f>B( iata um flnü 
ITpcm aov «fttaüif eac of tlw eocfa m, t^ 
«eck ■ Mngef aooite «bo opea, a car> 
itBt «f gM of aaj ilwiiul atrangtk it at 
OBW obtaiaed, wbiA «ül k«ep on for dtp 
is a eonÜBaom and iMulj- atnun. If 
sD the ooek* « br afant, Uw gaa erolnd 
in e / g k feroea Ute aöd back to tha 
opfier TMi»l duoo^ Ute tub« A 4 aiul 
Ute erolatiaa Maaea. 
TIm ttmatiou of tha erolntion of gai i* not initantanaoiia, hoTcm, 
a» tbe soljiliide of iron io e /g k remaini idll moiiteited witk mÜ ; 
■Dormrcr, aaall jjMtidea of tbe snlphidea will alwaj« cminble oSaai, 
dropping tbroogb tbe lieTe^ooiiM into eontact witk Äe rast of th« add 
oorering tbe botbom j k. Sow tbe gaa wbicb Mill eootinnM to be 
erolrtid in e/g k, beiug dd longcr abte to «acape tbroo^ o, forcM tha 
fiuid np k d, and, [Manug tbrongh tbe wäd iaabed, makea ita waj out 
tbroagb p. To lave this gaa and keep it from pMBooing tbe air, tbe Saab 
r, «, (, are connected with p. roontaiiuoot(oD,andaerrcatbepDipaaeof a 
waohiDg bottle ;* * and t contaiin Solution of aminonia ; bnt tbe two flwki 
togetber ibonld ooatain no more tban either of tbem can ooDTutientlj 
Bold, äaot, aa tbe [traaanre of tbe gaa inetcaaea or ralaxa^ tbe flnid n 
fbroed from « to (, or back from < to *. It will bo nadilj nndentood 
tluit atiliibide of ammoainm ia fcxined in theaa flaaka. 

Tbe evolntion of gaa ceaaea oompletelf when all tbe töA is conmmei^ 
but tliera reinaina still the one balf of tbe aulphide of iroo, aa tbe qnan- 
Citj uited of this is caloolated for donble the amonnt of seid. Tbe Solu- 
tion of Bulrthata of protoxide of iran is therefor» drawo o^ and 1 Utra 
of acid «nd 14 of water ftgün poored in as before. This appftratna ü 
now tnade alao of mucb lesa dimenajona to adapt it for amaller labora- 

* A oomnon wuhlsg-botU« Sllad with water eonld not «eil be oaed, aa the ntar 
wM nrj q)«eilUj noäda. 
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Fig. IS. 



piurpoM. Among otb«n there is one derised by Pohl, whiob is aimpla 

and oonvenieDt to aB& It ia «hown in Fig. 25. The flaak A, whioh 

oontaina dilate Balphurio aoid, Bhould hold from 

3 to 2^ litroB. The solid gUu rod O, meuar- 

ing Rt least 9 mitlimetrefl in diameter, and 

with the Upper eod ground, fits pr«tty tight 

into the indiarubber stopper B, so tfaat it 

reqaires a oertain degr«e of foroe to move it 

DpWKrda or dovnwarda. To the lower end 

of this rod is attacbed the peiforated büket 

K, made of hard indiarubber. Thia basket ia 

lined with coarae linen, and filled with lampe 

of snlphide of iron. If the glaas rod G is 

poshed down anfficiently far just to dip into 

the diliite mlphnria acid in A, a bIov straam 

of hjdroeniphtiric acid ia erolved, whioh may 

be increased by lowering the baaket, or atopped 

hy diawing it up oat of reach of the fluid iii 

A. The tabe R, which b interpoaed between 

the gaa evolved and the exit tube, is filled 

with ootton, and aerrea the purpone of a 

waahing-bottle. 

SvlpkvreUed hydrogen loater {toltitwn of Ky- 
drondphurÜ! aeid) ia prepared by oonduoting 
the gaa into very oold water, which hos been 
prerionaly &eed &om airbyboiling. The Operation Ia continned nntil the 
water ia completety aatarated with the gas, which may be readily ascer- 
tained by cloaing äie month of the flaak with the thnmb, and afaakiag it 
B little : if upoti thia a pressure is feit from withtn, tendiug to push the 
thnmb off the apertnre of the flask, the Operation may be conaidered at 
an end ; but it, on the oontrary, the thnmb feela ancked into the moath 
of the flaak, this ia a sure sign that the water ia still capabie of absorbing 
more gaa. 

Bnlphuretted hydrogen water mnat be kept in well-cloaed Tesaela, 
otherwiae it will aoon aoffer oomplete decompoaition, the hydrogen being 
oxtdized to water, and a amall portion of the anlphnr to anlphuric Mnd, 
ihe reet of the sulphor sepatating. Tbe best way of preservjng it un- 
altered for a rery long time ia to pour the freahly-prepared aolntion 
immediately into amall phiala, to oork these well, and to place them in 
an inverted poaition in amall jars filled with water. 

TetU. — Pore aolpbnretted hydrogen water mnat be perfeotly olear and 
strongly emit the peciiliar odor of the gas ; when treated with aesqui- 
chloride of iron, it most yield a oopious precipitate of snlphnr. Addition 
of ammonia mnat not impart a blaokiab appearanoe to it It mnat leave 
no reaidne apon evaporation ou platinum. 

Ute». — Hydrosalphnric aoid haa a atrong tendenty to tmdei^ decom- 
poaition wiüt metaJlio oxidea, forming water and metallic aulphide^ 
which latter being moetly inaolable in water are nsnally precipitated ia 
tbe prooeia The oonditiona under whioh the preoipitation of oertain 
»nlpDidcB enauea differ materially ; by altering or modiQring theae ood- 
dilioua we may therefore divido the whole of Üie preoipitable metala inco 
^Toapi, ai will be fo^ai oxplained in Seotion UL HydroanliAiirio aoid 
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iB therefore an invaluable agent to effeot the Separation of metala into 
prinoipal groups. Some of the precipitated sulphides exhibit a charae- 
teristio oolor indicative of the individual metala which thej reapeotiyelj 
oontain. The great facilitj with which hydroBolphuric acid ia decom« 
posed renden this substance also a uüefal redaoing agent for manj oom- 
pounds ; thus it serves, for instance, to reduce salts of sesqaioxide of iron 
to salts of protoxide, ohromic acid to the State of sesqaioxide of chro- 
mium, <fea In these prooesses of reduction the sulphur separates in the 
form of a fine white powder. Whether the hydroeolphuric acid had 
better be applied in the gaseous form or in aqueous Solution depends 
always upon the special circumstances of the case. 

IIL BASES AND METALa 

§ 31. 

" ßases are divided into oxjrgen bases and sulphur bases. The former 
result from the oombination of metals or of Compound radicals of simila^ 
oharacter with oxygen^ the latter from the oombination of the same 
bodies with sulphur. 

The oanygen hasea are dassified into alkalies, alkaline earths, earths 
proper, and oxides of the heavy metals. The alkalies are readily soluble 
in water; the alkaline earths dissolve with greater difficulty in that 
menstruum ; and magnesia, the last member of the dass, is onlj yery 
sparingly soluble in it. The earths proper and the oxides of the heavy 
metals are insoluble in water or nearly so. The Solutions of the alkalies 
and alkaline earths are caustic when sufficiently concentrated ; they 
have an alkaline taste, change the yellow color of tuimeric paper to 
brown, and restore the blue tint of reddened litmus paper ; they saturate 
acids completely, so that even the salts which they form with streng 
acids do not change vegetable colors, whilst those with weak acids 
generally have an alkaline reaction. The earths proper and the oxides 
of the heavy metals combine likewise with acids to form salts, but^ as a 
rule, they do not entirely take away the acid reaction of the latter. 

The mdphur bases resiilting from the oombination of the metals of the 
alkalies and alkaline earths with sulphur are soluble in water. The 
Solutions have a streng alkaline reaction. The other sulphur bases do 
not dissolve in water. All sulphur bases form with sulphur acids 
sulphur salts. 

a. OXYGEN BASEa 

a. Alkatjrs. 

§32. 

1. POTASSA (KO) AND SODA (NaO). 

The preparation of perfectly pure potassa or soda is a difficult Opera- 
tion. It is adviaable therefore to prepare, besides perfectly pure caustic 
alkali, also some which is not quite pure, and some which being free 
from certain impurities may in many cases be safely substituted for the 
pure substance. 

a. Common soltUion qf soda. 

Freparatiofk — Put into a clean cast-iron pan provided with a Ud 3 
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parts of crystallized carbonate of soda of commerce and 15 parte of water, 
neat to boiling, aad add, in small portions at a time, thlck milk of lime 
prepared by pouring 3 parts of warm water over 1 part of quicklime, 
and letting the mixtnre stand in a covered vessel untü the lime is 
rednced to a uniform pulpj mass. Keep the liquid in the pan boiling 
whilst adding the milk of lime, and for a quarter of an hour longer, 
then filter off a small portion, and try whether the filtrate still causes 
efferrescenoe in hjdrochloric acid. If this is the oase, the boiling must 
be continued, and if neoessary some more milk of lime must be added 
to the fluid. When the Solution is perfectlj free from carbonio acid, 
Cover the pan, allow the fluid to cool a litt)e, and then draw off the clear 
Solution frx)m the residuary Sediment» bj means of a siphon filled with 
water, and transfer it to a glass flask. Boil the residue a second and a 
third time with water, and draw off the fluid in the same waj. Cover 
the flask close with a glass plate, and allow the lime suspended in the 
fluid to subside completelj. Scour the iron pan dean, pour the clear 
Solution back into it, and evaporate it to 6 or 7 parts. The Solution 
so prepared contains from 9 to 10 per oent. of soda, and has a specific 
gravity of from 1*13 to 1*15. It must be clear, colorless, and as free as 
possible from carbonic acid ; sulphide of ammonium must not impart a 
black color to it. Traces of silicic acid, alumina, and phosphoric acid 
are usually found in a Solution of soda prepared in this manner ; on 
which account it is unfit for use in accurate experiments. 

Solution of soda is kept best in bottles closed with ground glass caps. 
In default of capped bottles, common ones with well-ground stoppers 
maj be used, in which case the neck must be wiped perfectly dry and 
clean inside and the stopper coated with paraffin ; since, if this pre- 
caution is neglected, it will be found impossible after a time to remove 
the Stopper, particularly if the bettle is only rarely opened. 

b. BydrcUe o/potoMa purified wüh aXcohoL 

PrepoTcUum, — Dissolve some sticks of caustic potassa of commerce in 
rectified spirit of wine in a stoppered bottle by digestion and shaking ; 
let the fluid stand, decant it, or filter it if necessary, and evaporate the 
clear fluid in a covered silver dish over the gas or spirit lamp until 
no more vapors escape ; adding from time to time, during the evapora- 
tion, some water to prevent blackening of the mass. Place the silver 
dish in cold water until it has sufficiently cooled ; remove the cake of 
caustic potassa from the dish, break it into coarse lumps in a hot mortar, 
and keep in a well-closed glass bottle. When required for use, dissolve 
a small lump in wtXer, 

The hydrate of potassa so prepared is sufficiently pure for most pur- 
poses ; it contains, indeed, a minute trace of alumina, but is usually fr'ee 
from phosphoric acid, sulphuric acid, and silicic acid. The Solution must 
remaiu clear upon addition of sulphide of ammonium ; hydrochloric acid 
must only produce a barely perceptible eff^vescence in it. The Solution 
acidified with hydrochloric acid must, upon evaporation to dryness, leave 
a residue which dissolves in water to a clear fluid ; when boiled with 
molybdate of ammonia it must exhibit no yellow color ; when treated 
with ammonia it ought not to deposit slight flakes of alumina imme-. 
diately, but only after standing several hours in a warm place. 

e, IfydraU of potcuaa prepared füith baryta. 

Preparation, — Dissolve pure crystals of barjrta (§ 34) by heating with 
water, and add to the Solution pure sulphate of potassa until a portioil 
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of tbe filtered fluid, acidified with bydrocfalcnic add and dOuted, no 
longer giTes a precipitate on addition of a fiirtber qnantitj of the sol- 
phi^ (16 parte of crystala of barjta reqoire 9 parte of solphate of 
potessa). Lei tbe tnrtiid fluid elear, decant, and eTi^xnmte in a silver 
disb as in 6. Tbe bjdrate of poUaaa ao prepBTtd ia perfectlj pure, 
ezoept tbat it conteina a trifling admixture of aulphate of poUasa, wbich 
ia ]eft bebind upon diasolving tbe bjdrale in a little water. Tbia bjdrate 
ia but rareljr required, ite uae being in fiict exelunrelj oonfined to tbe 
detection of minute tracea of alumina. 

Use$. — Tbe great affinitj wbicb tbe fixed alkaliea posaeaB fi>r adds 
Tenders tbese subatancea powerful agente to efiect tbe deoompoaition of 
tbe salto of most basea, and conaequentlj tbe predpitetion of tboee bases 
wbicb are inaoluble in water. Manj of tbe ao predpiteted oxides redi»- 
Bolve in an ezoeas of tbe precipitent^ aa, fbr instanoe^ alumina, seequi* 
oxide of diromium, and oxide of lead ; wbilst otberi remain undiaaolved, 
e.^. sesquioxide of iron, teroxide of biamutb, &a Tbe fixed alkaliei 
f«erye tberefore also as a toeans to separate tbe former from tbe latter. 
Potassa and soda dissolve also many salto (e.^. diromate of lead), sal- 
pbur Compounds, Ao., and contriUute tbns to separate and distinguisb 
tbem from otber substanoes. Manj of tbe oxidea predpitated bj tbe 
action of potassa or soda exbibit peculiar colora, or poesess otber cbarao- 
teristic propertiee tbat maj serve to lead to tbe detection of tbe individual 
metal wbicb thej req)ectivel7 oontoin ; sucb are, for instance, tbe pre- 
dpitate of protoxide of manganese, bjdrate of protoxide of iron, sab- 
oxide of mercurj, &c Tbe fixed alkalies expel ammonia firom ite salts, 
and enable us thus to detect tbat bodj bj ite amell, ite aotion on vege« 
table oolors, äc 

§38. 

2. Ammokia — Oxide of Ammonium — (NH^O). 

PreparaHan. — Tbe apparatus illnstrated bj Fig. 22 (§ 30) maj also 
serve for tbe preparation of Solution of ammonia, witb tbis modifica- 
tion tbat, as no funnel tube is required in tbe prooeas, tbe cork 
upon the flask a bas onlj one Perforation for tbe reoeption of tbe tube 
wbicb serves to conduct tbe evolved ammoaia into tbe wasbing bottle. 
Introduce into a 4 parte of cbloride of ammonium in pieces about the 
size of a pea, and the drj bjdrate of lime prepared from 5 parte of lime ; 
mix bj sbi^ing tbe flask, and add cautiouslj a sufficient quantitj of 
water to make the powder into lumps. Put a small quantitj of watec 
on] j into the wasbing bottle (wbich sbould be ratber capacious) ; but 
bave 10 parte of water in the flask wbicb is intended for the final recep* 
tion of the washed gaa. Set the flask a now in a sand bath, connect 
it with the reet of tbe apparatus, place the flask c;^ in a Yessel of oold 
water, and applj beat. Evolution of gas speedilj sete in. Continue to 
beat until no more bubbles appear. Open the cork of tbe flask o» to 
prevent the receding of tbe fluid. The Solution of ammonia oontained 
in the wasbing bottle is impure, but tbat oontained in the reodver d 
is perfectlj purs; dilute it with water until tbe specific gravitj is 
about 0*96= 10 per cent. of ammonia. Keep tbe fluid in botUes cloeed 
with ground stoppers. Tbis is the best waj of preparing Solution of 
ammonia in smaLl quantities. Tbat prepared on a large scale in cast- 
iron v^Bsels ia of oourse cbeaper. 
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Test», — Solution of ammonia must be oolorlesa, and oaght not to 
leave the least residue when evaporated on a watch-glass. When 
heated with an equal volume of Urne water, it shoold catiBe no torbidity^ 
at least not to a reiy marked extent (carbonio acid). Wben super- 
aaturated with nitric aoid, neither Solution of nitrate of barjta nor of 
nitrate of süver must render it turbid, nor must sulphuretted hydrogen 
impart to it the slightest oolor. 

Utes, — Solution of ammonia, althoiigh forraed by conduoting ammo- 
niacal gas (N H^ into water, and letting that gas esoape upon exposure 
to the air, and much quicker when heated, may also be regarded as a 
Solution of oxide of ammonium (NH^O) in water, the fiist acceding 
equivalent of water (H O) being assumed to form N H O with N H^ 
Upon this assumption Solution of ammonia may acoordingly be looked 
upon as an analogous fluid to Solution of potassa and Solution of sodai 
which greatly simplifies the explanation of all its reactious, the oxygen 
salts resulting from the neutralization of oxygen acids by Solution of 
ammonia beine also assumed to contain oxide of ammonium N H^ O, 
instead of Nuj. Ammonia is one of the most frequenüy used reagents. 
It is especially applied for the Saturation of acid fluids, and also to eflect 
the precipitation of a great many metallic oxides and earths ; many of 
these precipitates redissolve in an excess of ammonia, as, for instance, 
the Oxides of zinc, cadmium, silver, copper, <fec., whilst others are insoluble 
in free ammonia. This reagent may therefore serve also to separate and 
distinguish the former from the latter. Some of these precipitates, as 
well as their Solutions in ammonia, exhibit peculiar colors, which may 
at once lead to the detection of the individual metal which they respeo- 
tively contain. 

Many of the oxides which are precipitated by ammonia from neutral 
Solutions are not precipitated by this reagent from acid solutioos, their 
precipitation from the latter being prevented by the ammonia salt formed 
in the process. Compare § 53, chloride of ammonium. 

ß. ALKA LINE EARTHS. 

$ 34. 

1. Babtta (BaO). 

Preparaium, — There are a great many ways of preparing hydrate of 
baryta ; but as Witherite is now easily and cheaply procurable, I prefer 
the following method to all others : mix intimately together 100 parts 
of finely pulverised Witherite, 10 parts of charcoal in powder, and 5 parts 
of resin, put the mixture in an earthenware pot, put on the lid and lute 
it on with clay or loam, and expose the pot so prepared to the heat 
of a brick-kiln. Break and triturate the baked mass, boil repeatedly 
with water in an iron pot, filter into vessels, stopper, and let them 
stand in the oold, when large quantities of crystals of hydrate of baryta 
(Ba O, HO + 8 aq.) will mf^e their appoarance. Let the crystals drain 
in a properly covered funnel, dry rapidly between sheets of blotting 
paper, and keep them in well dosed bottles. For use dissolve 1 part 
of the crystahi in 20 parts of water, with the aid of heat, and filter the 
Solution. The baryta water so prepared is purer than the mother liquor 
mnning off from the dystals» and is therefore preferable to it. The 
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residue left in the pot, whicli is inaoluble in water and consists of nnde- 
coroposed Witherite and charcoal, ig turned to acoount in the prepaiwtion 
of Chloride of barium. 

Tests, — Barjrta water most, after precipitation of the baryta bj pure 
Bulphuric aoid, give a filtrate remaining olear when mixed with spirit 
of wine, and leaving no fixed reaidue upon evaporation in a platinnm 
cmcible. 

Uses, — Oaostic baryta, being a streng base, predpitatee the earths and 
metallic oxides insolable in water from the Solutions of their salts. In 
the course of analysis we use it simplj to precipitate magnesia. Baiyta 
water may Also be used to precipitate those acids which form insolable 
Compounds with this base ; it is applied with this view to effect the 
detection of carbonic aoid, the removal of sulphuric acid, phosphoric 
acidy Sio, 

§ 35. 

2. Liii£ (OaO). 
We nse— 

a. Hydrate oflime. 

b, Lime wcUer. 

The former is obtained by slacking pure calcined lime in lumps, in a 
poroelain dish, with half its weight of water. Hydrate of lime must be 
kept in a well-stoppered bottle. 

To prepare lime water, digest hydrate of lime for some time with oold 
distilled water, shaking the mixture occasionally ; let the nndiasolved 
portion of lime subside, decant, and keep the clear fluid in a well- 
stoppered bottle. If it is wished to have the lime water quite free from 
all traces of alkalies, which are almost invariably present in hydrate of 
lime prepared from calcined limestone, the liquids of the first two or 
three decantations must be removed, and the fluid decanted afterwards 
alone made use o£ 

Tests, — lime water must impart a strongly-marked brown tint to 
tnrmeric paper, and give a not too inconsiderable precipitate with car- 
bonate of soda. It speedily loses these properties upon exposnre to the 
air, and is thereby rendered totally unfit for analytical purposes. 

Oses. — lime forms with many acids insoluble, with others soluble 
salts. lime water may therefore serve to distinguish the former acidi, 
which it precipitates from their Solutions, from the latter, which it will of 
course fisdl to precipitate. Many of the precipitable acids are thrown 
down only under oertain conditions, e.g, on boiling (citric aoid), which 
afibrds a ready means of distinguishing between them by altering these 
conditions. We use lime water in analysis principally to eflTeot the 
detection of carbonic acid, and also to distinguish between citric aoid and 
tartaric acid. Hydrate of lime is chiefly used to liberate ammonia from 
ammonia salts. 

y. HEAVY METALS AND THEIR OXIDES. 

§36. 

1. ZiNc(Zn). 

Select zinc of good quality and, above all, perfectly free ftx>m aTBeni& 
The method described § 132, 10 will serve to detect the preeenoe of the 
slightest trace of this substance. Fuse the metal and pour the fuaed 
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inass in a tliin stream into a large Yessel with water. Zinc whioh con- 
tains arsenio moBt be absolately rejected, for no prooess of purification 
known to us that can in anj waj pretend to simplicitj will ever suooeed 
in removing everj traoe of that metal (Eliot and Storbr). 

Uaes. — Zino serves in qualitative analysis for the evolution of hydrogen, 
and also of arsenetted and antimonetted hydrogen gases (compare § 131, 
10, and § 132, 10) ; it is occasionallj nsed also to precipitate some 
metab from their Solutions ; in which process the zino simplj displaces 
the other metal (OuO, SO, + Zn = ZnO, 80, + Cu). 

§ 37. 

2. lBON(Fe). 

Iron reduces many metals and precipitates them from their Solutions 
in the metallic State. We use it espec£Edly for the deteotion of copper, 
which precipitates upon it with its chuucteristic color. Any clean 
surface of iron, such as a knife-blade, a needle, a pieoe of wire, ic, will 
serve for this purpose. 

^ 38. 

3. CoppsR (Cu). 

We use copper exclusively to effect the reduction of mercury, which 
precipitates upon it as a white coating shining with silvery lustre when 
rubbed. A copper ooin scoured with fine sand, or in fiact any clean sur- 
fiuse of copper, may be employed for this purpose. 

§ 39. 
4. Hydrate of Teroxide of Bismuth (BiO,,HO).* 

PrepcmUion. — Di&solve bismuth, freed from arsenic by fusion with 
hepar sulphuris or nitrate of potassa, in dilute nitric acid ; dilute the 
Solution as much as is practicable without producing a permanent preci- 
pitate ; filter, and evaporate the filtrate to crystallization. Wash the 
crystals with water containing nitric acid, triturate them with water, 
add ammonia in excess, and let the mixture digest for some time ; then 
filter, wash, and dry the white precipitate, and keep it for use. 

Tests, — Hydrosulphuric acid must throw down from a Solution of 
this reagent in dilute nitric acid a precipitate insoluble in ammonia and 
sulphide of ammonium ; the fluid filtered off from the precipitate treated 
with ammonia must therefore remain perfectly clear upon addition of 
hydrochloric acid, whilst in that filtered off from the precipitate treated 
with snlphide of ammonium hydrochloric acid must only produce a pure 
white turbidity (sulphur). 

üaea, — ^Teroxide of bismuth when boiled with alkaline Solutions of 
metallic solphides deoomposes with the latter, giving rise to the forma- 
tion of metallic oxides and sulphide of bismuth. It is better adapted 
to effect deoompositions of this kind than oxide of copper, since it enables 

* TIm hMio ntiimte of teroxide of bitnrath of oommeroe, if peifeotly free from anenie 
mtA aniinwyi auf also b« used instead of the hydnted ieraxide. 
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the Operator to judge immediatelj npon the addition of a fresli portioa 
whether the deoomposition is complete or not It has still another ad- 
yantage over oxide of oopper, viz., it does not, like the latter, dinolve 
in the alkaline flaid in presenoe of organio sabetanoes ; nor does it act 
as a reducing agent npon reducible ozygen Compounds. We nse it 
principally to convert tersnlphide and pentasulphide of arsenic into 
arsenious and arsenic acids, for wbich purpose oxide of oopper is alto- 
gether inapplicable, since it converts the arsenioos acid inimediatelj 
into arsenic acid, being itself reduoed to the State of suboxide. 



b. STJLPHITR BASES. 
§40. 

1. SüLPHIDB or AMHONnTM (NH^S). 



We nse in analysii 

o. Colorleas proto-sulphide qf ammanium, 

b. YeUow 6t-, ter-, dsCy stdphide of cimmonium, 

Preparaiion, — ^Transmit hydrosolphuric acid gas throngh 3 parts 
of Solution of oxide of ammonium nntil no fnrther absorption takes 
place j then add 2 parts more of the same Solution of oxide of ammo- 
nium. The action of hydrosulphuric acid npon oxide of ammonium gives 
rise to the formation, first, of NH^S (NH^O and HS = NH:^S and 
HO), then of NH^S, HS; npon addition of the same quantity of Solu- 
tion of ammonia as has been saturated, the oxide of ammonium decom- 
poses with the double sulphide of ammonium and hjdrogen or, as it is 
oommonly called, the hydrosnlphate of sulphide of ammonium, and 
simple or proto-sulphide of ammonium is formed (NH^S,HS + NH 
= 2 (NH^S) + HO. The rule, however, is to add only two-thirds of 
the quantity of Solution of ammonia, as it is better the preparation 
should contain a little hydrosulphate of sulphide of ammonium than that 
free ammonia should be present. To emploj, as has usuallj been the 
case hitherto, hydrosulphate of sulphide of ammonium instead of the 
simple proto-sulphide is unnecessary, and simply tends to increase the 
smell of sulphuretted hydrogen in the laboratory, as the preparation 
allows that gas to escape when in contact with metallic sulphur acids. 

Sulphide of ammonium should be kept in small well-stoppered bottles. 
It is oolorless at first, and deposits no sulphur npon addition of acids. 
lipon exposure to the air, however, it acquires a yellow tint, owing to 
the formation of bisulphide of ammonium^ which is attended also with 
formation of ammonia and water : 

2 (NH,S) + = NH^S, + NH. + HO. 

(yontinued action of the oxygen of the air npon the sulphide of ammo- 
nium tends at first to the formation of still higher sulphides ; but afler- 
wards the fluid deposits sulphur, and there remains in the end nothing 
in Solution but pure ammonia, the whole of the sulphur being found 
deposited at the bottom of the vesseL 

The sulphide of ammonium which has tumed yellow by exposure to 
the air may be used for all purposes requiring the employment of yellow 
sulphide of ammonium. The yellow sulphide may also be expeditiously 
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prepared bj digesting the proto-sulphide wiih some sulphur. All kiods 
of jellow sulphide of ammonium deposit sulphur and look turbid and 
milky on belog mixed with acids. 

Tests. — Sulphide of ammonium most stronglj emit the odor peculiar 
to it ; with acids it must evolve abundance of sulphuretted hydrogen ; 
the evolution of gas may be attended by the Separation of a pure white 
deposit, but no other precipitate must be formed. Upon evaporation 
and exposure to a red heat on a platinum dish it must leave no residue. 
It must not even on heating precipitate or render turbid Solution of 
magnesia or Solution of Urne (carbonate of ammonia or free ammonia). 

Uses. — Sulphide of ammonium is one of the most frequently employed 
reagents. It serves (a) to effect the precipitation of those metals which 
hydrosulphuric aoid falls to throw down from aoid Solutions, e. g. of iron, 
cobalt,&a (NH,S + Fe O, SO, = FeS + NH^O, S OJ; (6) to separate 
the metallic sulphides thrown down from acid Solutions by hydrosul- 
phuric acid, since it dissolves some of them to sulphur salts, as, for in- 
stance, the sulphides of arsenic and antlmony, <bc. (NH^S, AsS,, kc,), 
whilst leaving others undissolved — for instance, sulphide of lead, sulphide 
of cadmium, &c The sulphide of ammonium used for this purpose 
must oontain an excess of sulphur if the metallic sulphides to be dis- 
solved will diasolve only as higher sulphides^ as^ for instance, Sn S, which 
dissolves with ease only as Sn S,. 

From Solutions of salts of alumina and sesquioxide of chromium 
sulphide of ammonium precipitates hydrates of these oxides, with escape 
of sulphuretted hydrogen, as the sidphur Compounds corresponding to 
these oxides cannot form in the humid way. rAl,0,,3S0, + 3NH 
S + 3 HO = AI, O,. 3 HO + 3 (NH^ O, SO.) + 3 HSJ. Salts insoluble in 
water are thrown down by sulphide of ammonium unaltered from their 
Solutions in acids ; thus, for instance, phosphate of lime is precipitated 
unaltered from its Solution in hydrochloric acid« 

§41. 
2. Sulphide of Sodiüm (NaS). 

Freparatian, — Same as sulphide of ammonium, except that Solution 
of soda is substituted for Solution of ammonia. Keep the fluid obtalned 
in well-stoppered bottles. If required to contain some higher sulphide 
of sodium digest it with powdered sulphur. 

Uses. — Sulphide of sodium must be substituted for sulphide of ammo- 
nium to eflect the Separation of sulphide of copper from sulphur Com- 
pounds soluble in alkaline sulphides, e. g. from proto-sul[)hide of tin, as 
sulphide of copper is not quite insoluble in sulphide of ammonium. 

IV. SALTS. 

Of the many salts employed as reagents those of pobassa, soda, and 
ammonia are used principally on account of their acids ; salts of soda 
may therefore often be substituted for the corresponding potassa salts, 
&c, Thus it is almost always a matter of perfect indiflerence whether 
we ose carbonate of soda or carbonate of potassa, ferrocyanide of potas- 
sium or ferrocyanide of sodium, ko, 1 have therefore here classified the 
salts of the alkalies by their acids, With the salts of the alkaline 

L Ä 
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earths and tliose of the oxides of the beavy metals the caae is 
different ; these are not used for their acid, bat for tbeir base ; we baj 
therefore oflen Substitute for one salt of a base anotber aimilar one^ as 
e. g. nitrate or acetate of baryta for obloride of barium, kc For this 
reason I bave daasified the salta of the alkaHne eartha and of the heairy 
metals hy ikdr baaea, 

a. SALTS OF THE ALKA LIES. 

§43. 

1. SULPHATS OF POTASSA (K 0, S O^ 

Preparalion. — Purify sulphate of potassa of commerce hj recrystal- 
lizatioD, and dissolve 1 part of the pure salt in 12 parts of water. 

üses, — Sulphate of potassa serves to deteot and separate baiyta and 
strontia. It is in manj cases used in preference to dilute sulphnrie 
acid, which is employed for the same purpose, as it doee not^ like the 
bitter reagent; disturb the neutrality of the Solution. 

§43. 
2. Phosphate of Soda (2 Na 0, H O, P 0, + 24 aq.). 

PreparcUiofk — Purifj phoaphate of soda of commerce bj recrystalH- 
Eation, and dissolve 1 part of the pure salt in 10 parte of water for use. 

TeHa. — Solution of phosphate of soda muat not beoome turbid whm 
heated with ammonia. The precipitates which Solution of nitrate of 
baryta and Solution of nititite of falver produce in it raust oompletdr, 
and without effervescence, redissolve upon addition of dilute nitric acid. 

Uaes. — Phosphate of soda precipitates the alkaline eartha and all 
metallic oxides by double affinity. It serves in the course of analjsis, 
afler the Separation of the oxides of the heavy metals, as a test for 
alkaline earths in general; and, afler the Separation of baryta, strontia, 
and Urne, as a special test for the detection of raagnesia ; for which latter 
purpose it is used in conjunction with ammonia, the magnesia preci- 
pitating under these circumstances as basic pho£^hate of magnesia and 
ammonia. 

§44. 
3. Oxalate of Ammonia (2 NH^0,C^0, + 2 aq.). 

PreparcUion, — Dissolve oxalic acid purified by recrystallization in 
2 parts of distilled water, with the aid of heat, add Solution of ammonia 
until the reaction is distinctly alkaline, and put the vessel in a cold 
place. Let ihe crystals drain. The mother liquor will, upon proper 
evaporation, give another crop of crystals. Purify all the crystals by re- 
crystallization. Dissolve 1 part of the pure salt in 24 parta of water 
for use. 

Testa, — ^The Solution of Oxalate of ammonia must not be precipitated 
nor rendered turbid by hydrosulphuric acid, nor by sulphide of ammo- 
nium. Ignited on platinum, the salt must volatilize without leaving 
a residue. 
, Uaea. — Oxalic acid forma with lime, strontia, baiyta, oxide of lead, 
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and other metalllo ozides, insoluble or verj difficolUy soluble Com- 
pounds ; Oxalate of ammonia produoes therefore in the aqueoiu Solutions 
of the salts of these bases precipitates of the correRponding Oxalates. In 
«nalysis it BBrvea principally for the deteotion of lime. 

§45. 
4. AcETATE OF SoDA (Na 0, C^ H, 0, + 6 aq., op Na 0, A + 6 aq.). 

PreparcUion. — Dissolve crystallized carbonate of soda in a little water, 
add to the Solution acetio acid to slight excess, evaporate to crystal- 
lization, and purify the salt bj reciystaUization. For use dissolve 1 part 
of the salt in 10 parts of waier. 

Tests, — Acetate of soda must be oolorless and free from empyreumatic 
matter and inorganic acids. 

Uses, — The stronger acids in the firee state decompose acetate of soda» 
combioing with the base, and setting the acetio acid free. In the 
course of analysis acetate of soda is used principally to precipitate phos- 
phate of sesquioxide of iron (which is insoluble in aoetic acid) firom its 
Solution in hydrochloric acid. It sorves aUo to effect the Separation of 
sesquioxide of iron and alomina, which it precipitates on boiliog from 
the Solutions of their salts. 

§46. 

ö. Carbonate or Soda (NaO, C0,+ 10 aq.). 

Freparcstion, — -Take bicarbonate of soda of commerce, put the powder 
into a funnel stopped loosely with some cotton, make the surface even, 
Cover it with a disc of diffioultly permeable paper with turned-up edges, 
and wash bj pouring small quantities of water on the paper disc, until 
the fihrate, acidified with nitric acid, is not rendered turbid by Solution 
of nitrate of silver, nor by Solution of chloride of barium. Let the salt 
dry, and then convert it by gentle ignition into the simple carbonate. 
This is effected best in a crucible or dish of silver or platinnm ; but it 
maj be done also in a perfectly clean vessel of cast iron, or, on a 
small Scale, in a porcelain dish. Pure carbonate of soda may be obtained 
also by repeated recrystallization of carbonate of soda of commerce. 
For use dinolve 1 part of the anhydrous salt or 2*7 parts of the crys« 
tallized salt in 5 parts of water. 

Tests, — Carbonate of soda intended for analytical purposes must be 
perfectly white. Its Solution, afber supersaturation with nitric acid, 
must not be reodered turbid by chloride of barium or nitrate of silver ; 
nor must additiou of sulpbocyanide of potassium impart a red, or boiling 
with molybdate of ammonia a yellow tint to it, or give a yellow 
precipitate ; the residue which remains upon evaporating its Solution to 
dryness, after proTious supersaturation with hydrochloric acid, must 
leave no residue (silicic acid) when redissolved in water. 

Uses. — ^With tiie exoeption of the alkalies, carbonate of soda precipi- 
tates the whole of the bases, most of them as carbonates, but some also 
as hydrated oxides. Those bases which are soluble in water as bicar« 
booates reqxdre boiling for their oomplete precipitation from acid solu- 
tioiis. Many of the precipitates prodnced by the actioif of carbonate of 
soda exhibit a obaracteristic color, which may lead to the detection of 

B 2 
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the indiTidnal metals which they respectively contain. Solution of car« 
bonate of soda serves also for the decompoaition of many insoluble aalts 
of the alkaline earths or of the metals, more particularlj of those with 
organio acids. Upon boiling with carbonate of soda these salts are 
coDverted into inaolable carbonates, whibt the acids combine with the 
aoda and are thns obtained in Solution in the form of salts of 8od& 
Carbonate of soda is ölten used also to saturate free acida. 

§47. 
6. Carbokatb of Ammonia (NH^0,C0J. 

Preparattan, — We use fbr the parpoees of ohemical analjsis purified 
sesquicar bonate of ammonia entirelj free from any smell of animal eil, 
8\ich as is prepared on a large scale from a mixtnre of ohloride of ammo- 
nium and carbonate of lime bj Sublimation. The outer and the inner 
surface of the mass are carefuilj scraped. One part of the salt is dis- 
solved by digestion with 4 parts of water to which one part of Solution 
of caustic ammonia has been added. 

TeMs. — Pure carbonate of ammonia must oompletely Yolatilize. 
Neither Solution of ni träte of baiyta nor of ni träte of silver, nor sul- 
phuretted hydrogen, must color or precipitate it, after supersaturation 
with nitrii^ acid. 

U'ses, — Carb<mate of ammonia precipitates, like carbonate of soda, 
most metallio oxides and earths ; it is generally employed in preference 
to the latter reagent, because it introduoes no non-Tolatile bodj into 
the Solution. Complete precipitation of many of the oxides takes place 
also ouly on boiling. Several of the precipitates redissolve again in an 
excess of the precipitant. In like manner carbonate of ammonia dis- 
•olves many hydrated oxides and many sulphides, and thus enables us to 
distinguish and separate them from others which are insoluble in this 
reagent 

Carbonate of ammonia, like caustic ammonia and for the same reasoD, 
iails to precipitate from acid Solutions many oxides which it precipitates 
from neuti'al Solutions. (Compare § 53.) Weuse carbonate of ammonia 
in chemical analysis principally to effect the precipitation of baryta, 
strontia, and lime, and the Separation of these substances from magnesia ; 
also to separate sulphide of arsenic, which is soluble in it, from sulphide 
of antimony, which is insoluble in this reagent. 

§4a 

7. BisuLPHiTE OF Soda (NaO,2SOJ. 

Preparation, — Heat 5 parts of copper shreds with 20 parts of con- 
centrated sulphuric acid in a flask, and conduct the sulphurous acid 
gas evolved, first through a washing bottle oontaining some water, then 
into a flask containing 4 parts of purified bicarbonate of soda (§ 46), 
or 7 parts of pure crystallized carbonate of soda, and from 20 to 30 parts 
of water, and which is not much more than half füll ; continue the 
transmission of the gas until the evolution of carbonic acid ceases. 
Keep the Solution, which smells strongly of sulphurous acid, in a well- 
stoppered bottl& 
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Tests. — Sulpbite of soda, when evaporated to dryness with pure sul- 
pliuric acid, must leave a residue,* the aqueous Solution of which is not 
altered by hydrosulphuric acid, nor precipitated or colored yellow bj 
heating with a Solution of molybdate of ammonia mixed with nitric 
acid. 

Uses. — Sulphurous acid has a great tendency to pass to the state of 
sulphuric acid by absorbing oxygen. It is therefore one of our most 
powerfal reducing agenta. Sulphite of aoda, whioh has the advantage of 
being less readily decomposed than sulphurous acid, acts in an analogous 
niaiiner upon addition of acid We use it principally to reduce arsenic 
acid to arsenions acid, chromic acid to sesquioxide of chromium, and 
sesqoioxide of iron to protoxide. It will serve also to effect the Sepa- 
ration of tersulphide of arsenic, which is soluble in it, from the sulphides 
of antimony and tin, which are insoluble in this reagent. 

§49. 

8. NiTBITE OF PoTASSA (KO,NOJ. 

FrepartUion. — Heat in a flask only half filled with the mixture 2 
parts of starch, in pieces, with 8 parts of crude nitric acid of 1*4 
specific gravity, and 8 parts of water, and conduct the nitrous fumes 
evolved, iirst through a larger empty flask, then into a flask coutaining 
Solution of potassa, to complete Saturation of the potassa. Where the 
Solution of potassa contains silicic acid or alumina, as is mostly the 
case, the Saturation point is marked by the Separation of the said im-* 
purities. 5 parts of Solution of potassa of 1*27 specific gravity is the 
quantity required in the process. As soon as the action begins, the flame 
under the evolution flask must be temporarily removed, or otherwise 
the action might become too energetic. Evaporate the filtered Solution 
to dryness. Dissolve 1 part of the dry salt in about 2 parts of water 
-when the reagent is required for use. 

Tests, — ^Nitrite of potassa must upon addition of dilute sulphuric acid 
oopiously evolve nitric oxide gas. 

Uses. — ^Nitrite of potassa is an excellent means to efiect the detection 
and Separation of cobalt, in the Solutions of which metal it produces a 
precipitate of nitrite of potassa and sesquioxide of cobalt (potassio-nitrite 
of sesquioxide of cobalt). It serves also in presence of &ee acid to 
liberate iodine from its Compounds. 

§50. 
9. BiCHBOMATB OF PoTASSA (KO,2CrO,). 

Preparaiion, — Purify the salt of commerce by recrystallization, and 
dissolve 1 part of the pure salt in 10 parts of water for use. 

Uses. — Chromate of potassa decomposes most of the soluble salts of 
metallio oxides by double affinity. Most of the precipitated Chromate» 
are very sparingly soluble, and many of them exhibit characteristio 
oolors which lead readily to the detection of the particular metal whioh 
they respectively oontain. We use bichromate of potassa principally bb 
a test for lead. 

* The evHKXtmtion is attended with oopious evolaUoii of salphoroos ackL 
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§51. 

IQ. Orahulab Aktimonatb or Potassa (EO,SbO, + 7aq.). 

Preparation, — Project a mixture of equal parte of pulverized tartar- 
emetic and nitrate of potassa in small portions at a time into a red- 
hot crucible. After the mass is deflagrated, keep it at a moderate red 
heat for a quarter of an hour longer, which will make it froth at fiist^ 
but after some time it will be seen in a Btate of calm fusion. Remove 
the crucible now from the fire, let the mass get sufficientlj cold, and 
then extract it with warm water. Transfer to a suitable vessel, which 
is easilj done bj rinsing, and decant the supematant clear fluid from 
the heavy white powder deposit. Concentrate the decanted fluid 
bj evuporation. After 1 or 2 days a doughy mass wül separate. 
Treat tliis mass with three times its volume of cold water, working it at 
the same time with a spatula. This Operation will serve to convert 
it into a fine granulär powder, to which add the powder from which 
the fluid was decanted, wash slightly, and dry on blotting paper. 100 
parts of tartar-emetio give about 36 parts of antimonate of potassa 
(Brunner). 

2'e8t8 and [Tses, — Granulär antimonate of potassa is very sparingly 
Boluble in water, reqniring 90 parts of boiling and 250 parts of oold 
water for Solution. The solation had always best be prepared imme- 
diately before required for use, by repeatedly shaking the aalt with 
cold water, and filtering ofi* the fluid from the undissolved portion. The 
Solution must be clear and of neutral reaction ; it must give no precipL- 
tate with Solution of chloride of potassium, nor with Solution of chloride 
of ammonium ; but Solution of chloride of sodium must produce a 
crystalline precipitate in it. Antimonate of potassa is a valuable reagent 
for soda, but only under oertain conditions, for which aee § 90. 

§ 52. 

11. MOLTBDATE OP AmMONIA (NH^O, MoOJ, DISSOLVSD IN NiTRIC 

ACID. 

Preparaiion. — ^Triturate sulphide of molybdenum with about an equal 
bulk of coarse quartz sand washed with hydrochloric acid, until the mass 
is reduced to a moderately fine powder ; heat the powder to fidnt red- 
ness, with repeated stirring, until the mass has acquired a lemon-yellow 
color (which afler cooling turns whitish). With small quantities this 
Operation may be conducted in a flat platinum dish, with large quantities 
in a muffle. Extract the residuaiy mass with Solution of ammonia, 
filter, eyaporate the flltrate, heat the residue to faint redness until the 
mass appeai* yellow or white, and then digest this i^iduary mass for 
several days with nitric acid in the water bath, in order to convert the 
phoephoric acid which is almost invariably present in the ore to the 
tribaisio state. When the nitric acid is evaporated dissolve the residue 
in 4 parts of Solution of ammonia, filter rapidly, and pour the flltrate 
into 15 parts by weight of nitric add of 1*20 specific gravity. Keep the 
mixture standmg several days in a moderately warm plaoe, which will 
cause the Separation of any remaining traces of phosphoric acid or phos- 
pho-molybdate of ammonia. Decant the colorless fluid from the precipi- 
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täte, and keep it for nse. Heated to 104^ Fahrenheit no white precipi« 
täte (moljbdio aekl or a moljbdate) will separate ; bat if the temperatare 
is ruaed beyond tbat point this will at onoe take place tinless more 
xdtric or hydrochlorio ac^ be added (Eooertz). 

Usea» — PhoBpborio aoid and anenie add form with molybdic acid and 
ammonia pecnliar yellow Compounds whioh are almost absolately in- 
Boluble in the nitric acid Solution of molybdate of ammonia. Molybdate 
of ammonia affords tberelbre an excellent means to detect these acids, 
and more e^)ecially rery minute quantities of phospborio add in add 
Solutions oontaining sesquiozide of iron, alumina, and alkaline earths. 

§ 53. 

12. Chloridb of AiiM(»nüM (NH^Cl). 

Preporatum, — Select sublimed white sal ammoniao of commerce. If 
it oontains iron it must be purified. For tbat purpoae add some sulphide 
of ammonium to the Solution, let the predpitate which forms subside, and 
filter ; add hydrochlorio add to the filtrate until the latter manifests a 
feebly acid reaction ; boil the mixture sometime^saturate with ammonia, 
filter if necessary, and crystallize. Dissolve 1 part of the salt in 8 parts 
of water for use. 

Tests, — Solution of chloride of ammonium must upon evaporation on 
Akplatinum knife leave a residue which volatilizes completely upon con- 
tinued application of heat Sulphide of ammonium must leave it uu- 
altered. Its reaction must be perfectly neutral 

Usea. — Chloride of ammonium serves principaUy to retain in Solution 
oertain ozides (e,g, protoxide of manganese, magnesia) or salts (e.g, tartrate 
of lime) upon the predpitation of other oxides or salts by ammonia or 
8(»ne other reagent. This application of chloride of ammonium is based 
upon the tendency of the ammonia salts to form double Compounds with 
other aalts. Chloride of ammonium serves also to distingaish between 
predpitates possessed of dmilar properties ; for instance, to distinguish 
the Ihmic pJiogphate qf magnesia arid ammonia, wliich is insoluble in 
chloride of ammonium, from other precipitatee of magnesia. It is used 
also to predpitate firom their Solutions io potassa various substances 
which are soluble iu that alkali, but insoluble in ammonia ; e,g. alumina, 
seequioxide oi' chromium, &o. In this process the elements of the chlo- 
ride of ammonium transpose with those of the potassa, and chloride of 
potassium, water, and ammonia are formed. Chloride of ammonium is 
applied al«o as a special reagent to effect the preoipitation of platinum aa 
ammonio-biohloride of platinum. 

§5i. 

13. Cyanide op Potassium (KCy). 

Preparation, — ^Heat ferrocyanide of potassium of commerce (perfectly 
free from sulpbate of potassi») gently, with stirring, until the crystalli- 
ation water is completely expelled ; triturate the anhydrous mass, and 
mix 8 parts of the dry powder with 3 parts of perfectly dry carbonate 
of potaasa ; fuse the mixture in a covered Hessian or, better still, in a 
^oovered iron crudble, until the masa is in a üeont glow, appears dear, 
and a sample of it^ taken out with a heated glass or small iron rod, looks 
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perfectly white. Bemore tlie cnicible now from the ßre, tap it gentlj, 
and let it cool a little until the evolation of gai has ceased ; pour tbe 
ftiaed cyauide of potasBiam into a beated tall, crucible-shaped vessel of 
clean scoured iron or silver, or into a moderately bot Heasian cmcible, 
witb proper care, to prevent tbe runniDg out of any of tbe minute par- 
ticles of iron wbicb bave separated in tbe process of fusion and bave sab- 
sided to tbe bottom of tbe cmcible. Let tbe mass now slowly cool in a 
somewbat warm place. Tbe cjanide of potassiam so prepared is exceed- 
ingly well adapted for analytical porpoeea» altbougb it oontains carbonate 
and cyanate of potassa ; wbicb latter is apon Solution in water trans- 
formed into carbonate of aramonia and carbonate of potassa (E 0, 
C.NO + 4 HO = KO, CO, + NH^O, CO.). Keep it in tbe solid form 
in a well-stoppered bettle, and dissolve 1 part of it in 4 parts of water, 
witbout application of beat, wben required for use. 

^Mto.— Cyanide of potassium must be of a milk-wbite color and 
quite free from particles of iron or cbarcoaL It must completely dis- 
solve in water to a clear fluid. It must contain neitber silioic acid nor 
sulpbide of potassium ; tbe precipitate wbicb salts of lead produce in its 
Solution must aocordingly be of a wbite color, and tbe residue wbicb its 
Solution leaves upon evaporation, after previous supersaturation with 
bydrocbloric acid,* must completely dissolve in water to a clear fluid. 

Uses. — Cyanide of potassium prepared in tbe manner described pro- 
duces in tbe Solutions of most of tbe salts witb metallic oxides precipi- 
tates of cyaiiides of metals or of oxides or carbonates wbicb are insolublf 
in water. Tbe precipitated cyanides are so! üble in Cyanide of potassium, 
and may therefore by furtber addition of tbe reagent be separated from 
tbe oxides or carbonates wbicb are insoluble in Cyanide of potassium. 
8ome of tbe metallic cyanides redissolve invariably in tbe Cyanide of 
potassium as double cyanides, even in presence of free bydrocjranic acid 
and upon boiling ; whilst otbers combine witb cyanogen to new radicala, 
wbicb remain in Solution in combination witb tbe potassium. Tbe most 
common Compounds of tbis nature are cobalticyanide of potassium and 
ferro- and ferricyanide of potassium. These difler from tbe double 
cyanides of tbe other kind particularly in thiB, that dilute acids fail to 
precipitate tbe metallic cyanides wbicb they contain. Cyanide of potas- 
sium may accordingly serve also to separate the metals wbicb form Com- 
pounds of the latter descriptiou from otbers the cyanides of wbicb are 
precipitated by acids from their Solution in Cyanide of potassium. In 
the course of analysis tbis reagent is of great importance, as it serves to 
efiect tbe Separation of cobalt fr^m nickel ; also that of copper, tbe 
sulpbide of wbicb metal is soluble in it, frt>m cadmium, tbe sulpbide of 
wbicb is insoluble in tbis reagent. 

§ Ö5. 

14. Ferkoctanide of Potasshim (2 K,C.N,Fe + 3 aq. = 2 K, 

Cfy + 3 aq.). 

Preparaiion,— 'The ferrocyanide of potassium is found in commerce 
suflSciently pure for the purposes of chemical analysis. 1 part of the 
sah is dissolved in 12 parts of water for use. 

• Thia lupersaturaüoii with hydrochlorio aoid is attended with disenrnremeot of 
byarooyanio aoid. ^*^ 
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Uses, — Ferroojanogen forms with most inetals oompotmds insoluble 
in water, which frequentlj exhibit highlj characteristic colora These 
ferrocjaDides are formed when ferrocyanide of potassium is brought ioto 
contact with soluble salts of metallio oxides, with cblorides, ko,^ the 
potassium chaDging places with the metals. Ferrocyanide of copper and 
ferrosesquicyanide of iron exhibit the most characteristic colors of all ; 
ferrocjanide of potassium serves therefore particularlj as a test for oxide 
of copper and sesquioxide of iron. 

§ 56. 
Iß. Febkictahide of Potassium (3K,C^N.Fe, = 3KCfd7). 

FreparcUion, — Conduct chlorine gas slowlj into a Solution of 1 part 
of ferrocjanide of potassium in 10 parts of water, with frequent stirring, 
nntil the Solution exhibits a fine deep red color by transmitted light (the 
light of a candle answers best), and a portion of the fluid produoes no 
loDger a blue precipitate in a Solution of sesquichloride of iron, but 
imparts a brownish tint to it Evaporate the fluid now in a dish to \ 
of its weight^ and let crystallize. The mother liquor will upon further 
evaporation yield a second crop of crystals equally fit for use as the first. 
Dissolve the whole of the crystals obtained in 3 parts of water, Alter if 
neoessary; evaporate the Solution briskly to half its yolume, and let 
crystallize again. Whenever required for use, dissolve a few of the 
crystals^ which are of a splendid red color, in a little water. The Solu- 
tion, as already remarked, must produce neither a blue precipitate nor a 
blue color in a Solution of sesquichloride of iron. 

üsea. — Ferricyanide of potassium decomposes with Solutions of me- 
tallic oxides in the same manuer as ferrocyanide of potassium. Of the 
metallic ferricyauides the ferriprotocyanide of iron is more particularly 
characterized by its color, and we apply fendcyanide of potassium there- 
fore principally as a test for protoxide of iron« 

§ 57. 

16. SULPHOOYANIDE DP POTASSIUM (K,C,N S, or K, Cy SJ. 

PreparcUian, — Mix together 46 parts of anhydrous ferrocyanide of 
potassium, 17 parts of carbonate of potassa, and 32 parts of sulphur ; 
introduce the mixture into an iron pan provided with a lid, and fuse 
over a gentle fire ; maintain the same temperature until the swelling of 
the mass which ensues at first has completely subsided and given place 
to a State of tranquil and olear fusion ; increase the temperature now, 
towards the end of the Operation, to fidnt redness, in order to decompose 
the hyposulphite of potassa which has been formed in the prooesa Ke- 
move the half refrigerated and still soft mass from the pan, crush it^ 
and boil repeatedly with alcohol of from 80 to 90 per cent. Upon cooling, 
part of the sulphocyanide of potassium will separate in colorless crystals ; 
to obtain the remainder, distil the alcohol from the mother liquor. 
Dissolve 1 part of the salt in 10 parts of water for use. 

Teits. — Solution of sulphocyanide of potassium must remain perfectly 
oolorless when mixed with perfeotly pure dilute hydrochlorio acid. 
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Utes, — Snlpbooyanicie of potusiam nerrw for tlie detection of aesqui- 
ozide of iroD, for whioh sabetanoe it ia at oaoe the most characteristic 
and the moet delioate teat 

b. SALTS OF THE ALKALINE EARTHB. 

1. Chloridb of Babiux (BaCl + 2 aq.). 

PreparcUion.^'-a, From heavy spar. Mix together 8 part» of pulverized 
Bulpbate of baiyta, 2 parts of charcoal in powder, and 1 part of oommon 
resiiL Put the mixtare in a cmcible, and expose it in a wind fumaoe 
to a loDg-continued red heat ; or put the mixture in an earthen pot, late 
the lid on with daj, and expose to the heat of a brick-kiln (compare 
§ 34). Triturate the cnide sulphide of barium obtained, boil about A of 
the powder with 4 times its quantity of water, and add hydrocbloric 
acid until all efferveecence of sulphuretted hydrogen has ceased, and the 
fluid manifests a sligbt acid reaotion. Add now the remaining ^ part 
of the Bulphide of barium, boil some time longer, then filter, and let the 
alkaline fluid crystallize. Dry the orystals, redissolve them in water, 
and crystallize again. 

b, From WUherüe, Pour 10 parts of water npon 1 part of pulverized 
Witherite, and gradually add crude hydrocbloric acid until the Witherite 
is almost completely dissolved. Add now a little more flnely puWerized 
Witherite, and heat, with frequent stirring, until the fluid has entirely 
or very nearly lost its acid reaction ; add Solution of sulphide of barium 
as loDg as a precipitate forms; then Alter, evaporate the filtrate to 
crystallization, and purify them by crystallizing again. For use dis- 
Bolve 1 part of the chloiide of barium in 10 parts of water. 

Tests, — Pure chloride of barium must not alter vegetable colors ; its 
Solution must not be colored or precipitated by hydrosulphuric acid, nor 
by sulphide of ammonium. Pure sulphurio acid must precipitate eveiy 
fixed particle from it, so that the fluid flltered from the precipitate formed 
npon the addition of that reagent leaves not the slightest residue when 
evaporated on platinum foiL 

Uses. — Baryta forms with many acids soluble, with others insoluble 
Compounds. This property of baryta aflbrds us therefore a means of 
distiiiguishing the former acids, which are not precipitated by chloride of 
barium, from the latter, in the Solution of the salts of which this reagent 
produces a precipitate. The precipitated salts of baryta severally show 
with other bodies (acids) a diflerent deportment. By subjecting these 
aalta to the action of such bodies we are therefore enabled to subdivide 
the group of precipitable adds and even to detect certain individual 
aoids. Thia makes chloride of barium one of our most important re- 
agents to distinguiah between certain groupsof acida, and more especially 
also to efleot the detection of sulphuric acid. 

§ 59. 
2. Nitrate dp Bakyta (BaO, NOJ. 

Preparation, — ^Treat carbonate of baryta, no matter whether Witherite 
or precipitated by carbonate of soda from Solution of sulphide of barium. 
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with dilute nitric add free from chlorine, and proceed ezaetly as directed 
in the preparation of chloride of barium from Witherite. For nse dis* 
■olye 1 part of the aalt in 15 parte of water. 

TeaU, — Sektion of nitrate of barjrta mvst not be made tarbid hf 
aolutdon of nitrate of sÜTer. Other testa the aame as for chloride of 
barium. 

Uaes, — ^Nitrate of baryta ia wed instead of chloride of barium in 
caaes where it is desirable to avoid the presenoe of a metalüc chloride in 
the fluid 

§ 60. 
^ Carbonatb of Babtta (BaOyOOJ. 

Preparatiofi, — Dissolve crystallized chloride of barium in water, heat 
to boiling, and add a Solution of carbonate of ammonia mixed with some 
caustic ammonia» or of pure carbonate of soda, as long as a precipitate 
forms ; let the precipitation subside» decant five or siz times, transfer 
the precipitate to a Alter, and wash until the washing water is na 
longer rendered turbid by Solution of nitrate of silver. Stir the pre- 
cipitate with water to the consistence of thick milk, and keep this mix- 
ture in a stoppered bottle. It must of course be shaken every time it is 
required for use. 

Tests. — Pure sulphurie acid must precipitate every fixed particle from 
a Solution of carbonate of baryta in hydrochloric acid (compare § 34, 
caustic baryta). 

dses, — Carbonate of baryta completely decomposes the Solutions of 
many metallic oxides, e.g, sesquioxide of iron, alumina ; precipitating 
from them the whole of the oxide as hydrate and basic salt, whilst some 
other metallic salts are not precipitated by it It serves therefore to 
separate the former firom the latter, and affords an excellent means of 
effecting the Separation of sesquioxide of iron and alumina firom prot- 
Oxide of manganese, oxide of zinc, lime, magnesia, dbc. It must be 
bome in mind, howeyer, that the salts must not be sulphates, as carbonate 
of baryta equally precipitates the latter bases from these Compounds. 

i 61. 

4. SüLPHATE OF LiME (Ca 0,S0^ cryatoZZu««^ Ca 0,80^+2 aq.). 

PrepcmUion. — Digest and shake powdered ciystallized gypsum for 
some time with water ; let the undissolved portion subside, decant, and 
kec^ the dear fluid Cor use. 

Üsea, — Sulphate of lime, being a difficultly soluble salt, is a convenient 
agent in cases where it is wished to apply a Solution of a lime salt or of 
a sulphate of a definite degree of dilution. As dilute Solution of a lime 
salt it is used for the detection of oxalic acid ; whilst as dilute Solution 
of a sulphate it affords an excellent means of distinguishing between 
baryta^ strcmtia, and limeu 

§ 62. 

6. Ohlorudb of CALOimc (CaCl, crystdUixed CaCl + 6 aq.). 

Pr^pmraiion, — ^Dilute 1 part of crude hydrochloric acid with 6 parts 
of waterj and add to the fluid marble or chalk until the last portion 
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added remainB undissolyed ; add now some hydrate of limey Üien sol- 
phuretted hjdrogen water until a filtered portion of tbe mixture ib 
no longer altered by snlphide of ammonium. Then let the mixtare 
stand ] 2 boors in a gentle heat ; filter, exadüj neutralize tbe filtrate, 
ooncentrate by evaporation, and crjsiallize. Let tbe crystala drain, and 
dissolve 1 part of Üie aalt in 5 parts of water for use. 

Tests. — Solution of cbloride of calcium must be perfectly neutral, and 
neitber be colored nor precipitated by sulpbide of ammonium ; nor 
ougbt it to evolve ammonia wben mixed witb bydrate of potaasa or 
bydrate of Urne. 

üses, — Cbloride of calcium is in its action and application analogoos 
to cbloride of barium. For as tbe latter reagent is used to separate the 
inorganic acids into groups, so cbloride of c^cium serves in tbe same 
manner to effect tbe Separation of the organic acids into groups, since it 
precipitates some of them, wbilst it forms soluble Compounds witb otbera. 
^nd, as is tbe case witb the baryta precipitates, tbe different oonditions 
linder whicb tbe yarious insoluble lime salts are tbrown down enable us 
to subdivide tbe group of precipitable acids, and even to detect certun 
individual acids. 

§ 63. 

6. SuLPHATB or Magnksia (MgO,SO,, cry«toZ7idec?MgO,SO^ 

H0 + 6aq.). 

PrepareUion. — Dissolve 1 part of sulpbate of magnesia of oommeroe 
in 10 parts of water; if tbe ndt is not perfectly pure, subjeot it to re- 
crystallization. 

Tests, — Sulpbate of magnesia must have a neutral reaction. Its Solu- 
tion, wben mixed witb a sufficient quantity of cbloride of ammonium, 
must, afler tbe lapse of half an bour, not appear douded or tinged by 
pure ammonia, or by carbonate or Oxalate of ammonia» or by sulpbide of 
ammonium. 

Uses, — Sulpbate of magnesia serves almost exclusively for tbe deteo- 
tion of pbospboric acid and arsenio acid, wbicb it precipitates from 
aqueous Solutions of pbosphates and arsenates, in presence of ammoma 
and Chloride of ammonium, in the form of almost absolutely insoluble 
bighly cbaracteristio double salts (basic phosphate or basic arsenate of 
magnesia and ammonia). Sulphate of magnesia is also employed to test 
the purity of sulpbide of anmionium (see § iO). 

e. SALTS OF THE OXIDES OF THE HEAVY METALS. 

§ 64. 

1. Sulphate of Pbotoxide of Iron (FeO,SO^ crystaUized FeO, 

S0^H0-h6aq.> 

Preparo^ion.— Heat an excess of iron nails free from rust, or of dean 
iron wire, with dilute sulpburic acid until the evolution of bydrogen 
oeases ; filter the suffioiently concentrated Solution, add a few drops of 
dilute sulphurio acid to the filtrate, and allow it to cooL Wasb the 
oryntals witb water very slightly aoidulated witb sulpburic acid, dry, and 
keep for use. Tbe sulpbate of protoxide of iron may also be prepared 
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from the solation of snlpbide of iron in dilute sulpburic acid which is 
obtained in the process of evoMng hjdrosalphuric acid. 

Tests. — ^The crysfcals of sulphate of protoxide of iron must have a fine 
pale green color. Crystals tbat bave been more or less oxidized bj the 
action of the air, and give a brownisb-jellow Solution wben treated with 
water, leaving nndissolved basio sulphate of sesquioxide of iron behind, 
must be altogether rejected« Hydrosulphurio acid must not precipitate 
Solution of sulphate of protoxide of iron after addition of some hydro- 
chloric acid, nor even impart a blaoldsh tint to it. 

Uses, — Sulphate of protoxide of iron has a great disposition to absorb 
oxjgen, and to be converted into the sulphate of the sesquioxide. It 
acts therefore as a powerful reducing agent. We emploj it principallj 
for the reduction of nitrio acid, from which it separates nitric oxide by 
withdrawing three atoms of oxygen from it. The decomposition of the 
nitrio acid being attended in this case with the formation of a very 
peculiar brownish-black Compound of nitric oxide with an undecom- 
posod portion of the salt of the protoxide of iron, this reaction afibrds 
a particularly characteristic and delicate test for the detection of nitric 
acid. Sulphate of protoxide of iron serves also for the detection of 
hydroferricyanic acid, with which it produces a kind of Prussian blue^ 
and also to efiect the precipitation of metallic gold from Solutions of the 
salts of that metaL 

§ 65. 
2. Sesqüichlobidb of Ibon (Fe.ClJ. 

Preparatian, — ^Keat in a flask a mixture of 10 parts of water and 1 
part of pure hydrochloric acid with small iron nails until no further 
evolution of hydrogen is observed, even after adding the nails in excess ; 
filter the Solution into another flask, and conduct into it chlorine gas, 
with frequent shaking, until the fluid no longer produces a blue precipi- 
tate in Solution of ferricyanide of potassium. Heat until the excess of 
chlorine is expelled. Dilute until the fluid is twenty times the weight 
of the iron dissolved, and keep the dilute fluid for use. 

Tests, — Solution of sesquichloride of iron must not oontain an excess 
of acid ; this may be readily ascertained by stirring a sample of it with a 
glaas rod dipped in ammonia^ when the absence of any excess of acid will 
be proved by the formation of a precipitate which shaking the vessel 
or agitating the fluid &ils to redissolve. Ferricyanide of potassium 
must not impart a blue color to it 

Cses, — Sesquichloride of iron serves to subdivide the group of organio 
acids which chloride of calcium fails to precipitate, as it produces pre- 
ci|>itate8 in Solutions of benzoates and succinates, but not in Solutions 
of acetates and formate& The aqueous Solutions of the neutral acetate 
and formate of sesquioxide of iron exhibit an intensely red color ; ses- 
quichloride of iron is therefore a useful agent for detecting acetic acid 
and formic acid. Sesquichloride of iron is exceediugly well adapted to 
effect the decomposition of phosphates of the alkaline earths (see § 142). 
It serves also for the detection of hydroferrocyanio acid, with which it 
produces Prussian blue. 
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§ 66. 
3. Nitrate of Silykr (AgO^NOJ. 

Prepa/raiion, — ^Dissolye pure silver in pure nitric acid, evaporate Uie 
Solution to diynesB, and dissolve 1 part of th« aalt in 20 parte of water. 

Tests. — Dilute bydrocbloric acid mnst completdy precipitato all fixed 
particles from Solution of nitrate of sUver^ wbioh should have a neutral 
reaction ; the fluid filtered from the precipitated chloride of ailver must 
accordingly leave no residue when evaporated on a watcb-glaas, and 
must be neitber precipitated nor colored by bydrosulpburic acid. 

Uses. — Oxide of silver forma witb many acids soluble, witb otbera in- 
soluble Compounds. Nitrate of silver may tberefore serve, lUce cbloiide 
of barium, to effect tbe Separation and arrangement of acids into groupei 

Most of tbe insoluble Compounds of silver dissolve in dilute nitric 
acid ; cbloride, bromide, iodide, and Cyanide, ferrocyanide, ferricyanide, 
and sulpbide of silver are insoluble in tbat menstruum. Nitrate of silver 
is tberefore a most excellent agent to distinguisb and separate from 
all otber acids tbe bydracids corresponding to tbe last enumerated 
Compounds of silver. Many of tbe insoluble salte of silver exbibit a 
peculiar color (cbromate of silver, arsenate of silver), or manifest a cba- 
racteristic deportment witb otber reagents or upon tbe application of 
beat (formate of silver) ; nitrate of silver is tberefore an important agent 
for tbe positive detection of certain acids. 

§67. 
4. AoETATE OF Lead (Pb 0,"A^ crystaUized Pb O, "X+ 3 aq.). 

Tbe best acetate of lead of commerce is sufficienily pure fbr tbe 
purpose of cbemical analysis ; for use dissolve 1 part of tbe salt in 10 
parts of water. 

Tests. — Sugar of -lead must completely dissolve in water acidified with 
one or two drope of aoetic acid ; tbe Solution must be quite clear and 
colorless ; bydrosulpburic acid must tbrow down all fixed particles from 
it. On mixing tbe Solution of sugar of lead witb carbonate of ammonia 
in excess, and filtering tbe mixture, tbe filtrate must not sbow a bluish 
tint (copper). 

Uses. — Oxide of lead forms witb a great many acids Compounds in- 
soluble in water, wbich are marked eitber by peculiarity of oolor or 
characteristic deportment. The acetate of lead tberefore produces pre- 
cipitates in tbe Solutions of tbese acids or of tbeir salte, and essontially 
oontributes to tbe detection of several of tbem. Tbus cbromate of lead, 
for instenco, is cbaracterized by its yellow color, pbosphate of lead by its 
peculiar deportment before tbe blowpipe> and malate of lead by ite ready 
fusibility. 

§68. 

5. Nitrate of Süboxide of Merourt (Hg,0, NO^, crystaUized 

Hg,0,N0. + 2aq.). 

Prepa/ration. — ^Pour 1 part of pure nitric acid of 1*2 spec. gr. on 1 
part of mercury in a porcelain disb, and let tbe vessel stand twenty-four 
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Bours in a oool place ; separate tHe orystala fcnrmed firom the andiasolved 
mercary and ihe mother liquor, and dissolye them in water mixed with 
one-sixteenth part of nitrio aoid^ by trituration in a mortar. Filter the 
solation, and keep the filtrate in a bettle with some metallic mercary 
oovering the bottom of the vessel. 

Tests, — The Solution of nitrate of sdboxide of mercary mast give with 
dilate hydrochloric acid a copioas white precipitate of sobchlorideof mer- 
cary; hydrosalphoric acid mast prodnce no precipitate in the fluid 
filt^red fh>m this, or at all events only a trifling black precipitate (sulphide 
of mercury). 

Uses. — ^Nitrate of suboxide of mercury acts in an analogous manner to 
the correspoD^ng aalt of sUver. In the first place, it precipitates many 
acids, especially the hydracids ; and, in the second place, it serves for the 
detection of several readily oxidizable bodies, e,g, of formio acid, as the 
ozidation of sach bodies, which takes place at the expense of the oxygen 
of the suboxide of mercury, is attended with the highly cfaaracteristic 
Separation of metaUic mercary. 

§69. 
6. Chlobide of Mxbcübt (HgCl). 

The Chloride of mercuiy of commerce is sufficiently pure for the pur- 
poses of chemical analysis. For use dissolve 1 part of the aalt in 16 parts 
of water. 

Uses. — Chloride of mercary gives with several acids, e,g, with hydri- 
odic acid, peculiarly colored precipitates, and may accordingly be used 
for the detection of these acida. It is an important agent for the detec- 
tion of tin where that metal is in Solution in the state of protochloride ; 
if only the smallest quantity of that Compound is present the addition 
of Chloride of mercary in excess to the Solution is foUowed by Separation 
of subchloride of mercury insoluble in water. In a similar manner Chlo- 
ride of mercary serves also for the detection of formic acid. 

§70. 
7. SuLPHATB DP CoppER (CaO,SO,, crystallized CuO,SOj,HO + 4aq.). 

Fr^l>araUoru — This reagent may be obtained in a state of great purity 
firom the residue remaining in the retort in the process of preparing 
bisulphite of soda (§ 48), by treating that residue with water, applying 
heat, filtering, letting the filtrate crystallize, and purifying the salt by 
recrystallization. For use dissolve 1 part of the pure crystab in 10 
parts of water. 

Tests. — ^Pure sulphate of copper mast be completely precipitated from 
its Solutions by hydrosulphuric acid ; ammonia and sulphide of ammo- 
nium must acoor^ngly leave the filtrate unaltered. 

Uses. — Sulphate of copper is employed in qualitative analysis to effec^ 
the predpitation of hydriodic acid in the form of subiodide of copper 
For this purpose it is necessary to mix the Solution of 1 part of sulphate 
of copper with 2^ parts of sulphate of protoxide of iron, otherwise half of 
the iodine will separate in the free state. The protoxide of iron changes 
in this process to sesquioxide, at the expense of the oxygen of the oxide 
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§73. 
10. SODIO-FflOTOCHLORIDE OP PALLADIUM (NaCl,PdCl). 

DisRolve 5 parts of palladium in nitrohjdrochloric acid (comp. § 72)| 
add 6 parts of pore ohloride of sodium, evaporate in the water bath to 
drynesH, and dissolye 1 part of the residuaty double salt in 12 parts of 
water for nse. The brownish solation affords an excelient means for de- 
tecting and separating iodine. 

§74. 

11. Tebcbloride OP Gold (AuClJ. 

PreparcUion, — ^Take fine shi^eds of gold, which may be alloyed with 
silver or copper, treat them in a flask with nitrohydrochloric acid in 
exoess, and apply a gentle heat until no more of the metal dissolves. If 
the gold was alloyed with copper — which is known by the brownish-red 
precipicate produced by ferrocyauide of potassium in a portion of the 
Solution diluted with water — mix it with Solution of sulphate of protoxide 
of iron in excess. This will reduce the terchloride to metallic gold, 
wliich will separate in the form of a fine brownish-black powder ; wash 
the powder in a small flask, and redissolve it in nitrohydrochloric acid ; 
evaporate the v l'^tiou to dryness on the water-bath, and diasolve the 
residue in 30 parts oi water. If the gold was alloyed wibh silver, the 
latter metal remains as chloride upon troating the alloy with nitrohydro- 
chloric acid In that case evaporate the Solution at once to dryness, and 
dissolve the residue in water for use. 

Uses, — Terchloride of gold has a great tendency to yield up its chlo- 
rine ; it therefore readily converts protochlorides into higher chlorides, 
protoxides, with the co-operation of water, into higher oxides. These 
peroxidations are nsually indicated by the precipitation of pure metallic 
gold in the form of a browniHh-black powder. In the course of analysis 
this reagent is used only for the detection of protoxide of tin, in the 
Solutions of which it produces a purple color or a purple precipitate. 

V. COLORING MATTERS AND INDIFFERENT VEGETABLE 

SUBSTANCES. 

§75. 

1. Test Papers. 

o. Blue Litmus Paper. 

PreparaHon, — Digest 1 part of litmus of commerce with 6 parts of 
water, and filter the Solution ; divido the intensely blue filtrate into 2 
equal parts ; saturate the free alkali in the one half by repeatedly stirring 
with a glass rod dipped in veiy dilute sulphuric acid, until the color of 
the flnid just appears red ; add now the other half of the blue filtrate, ))Our 
the whole fluid into a dish, and draw slips of fine unsized paper through 
it ; Buspend these slips over threads, and leave them to dry. The color 
of litmus paper must be perfectly uniform and neither too light nor too 
dark. The paper must be readily wetted by aqneous fluids. 

£^«0f>— Litmus paper serves to detect the presence of free acid in 
floidi^ m aoidf «hange its blue color to red. It must be bome in mindL 

I» P 



66 SXDBEMID LinCUS TAIKBL 

however, that tba soluble neutral Balte of most of the heavj metallie 
Oxides produce the same effect. 

ß, Rkddened Litmub Paper. 

Preparatum, — Stir blue Solution of Htmos with a glass rod dipped in 
dilute salphnric acid, and repeat this prooess until the floid has jost 
tumed distinctlj red. Steep sHps of paper in the Solution, and dry them 
as in a. The dried slips must look distinctly red. 

Uses, — Pure alkalies and alkaline earths, and also the suipbides of their 
metttls, restore the blue color of reddened litmus paper ; carbonates of 
the alkalies and the soluble salts of several other weak acids, eapecially of 
boracic acid, possess the same propertj. Thb reagent aerves therefore 
for the detection of these bodiea in generaL* 

y. Geoboika Paper (DaMia Paper). 

Preparoition, — Boil the violet colored petals of Georgina pwrpwna 
(purple dahlia) in water, or digest them with spirit of wine, and steep 
Slips of paper in the tincture obtained. The latter should be neither 
more nor less concentrated than is necessary to make the paper when diy 
again appear of a fine aud light violet blue color. Should the oolor too 
much incline to red this may be remedied bj adding a verj little am- 
monia to the tinctura 

Ü8e8. — Georgina paper is reddened by acids, whilst alkalies impart a 
beautiful green tint to it It is therefore an extremely convenient Sub- 
stitute both for the blue and the reddened litmus paper. Thia reagent, 
]f properly prepared, is a most delicate test both for acids and alkalies. 
Concentrated Solutions of caustic alkalies tum Georgina paper yellow by 
destroying the coloriug matter. 

l, TuRMERio Paper. 

Preparaiion, — Digest and heat 1 part of bruised turmerio root with 
6 parts of weak spirit of wine, filter the tincture obtained, and steep 
slips of fine paper in the filtrata The dried slips must exhibit a fin« 
yellow tint ; they must be readily wetted by aqueous flnids. 

üses. — Turmeric paper serves the same as reddened litmus paper and 
dahlia paper for the detection of free alkalies, <ba, as they ohange its 
yellow color to brown. It is not quite so delicate a test as the other 
reagent papers; but the change of color which it produces is highly 
characteristic, and is yery distinctly perceptible in many colored fluids ; 
we therefore cannot well di8i)ense with this paper. When testing with 
turmeric paper it is to be bome in mind that, besides the subatances 
enumerated in )3, several other bodies (boracic acid, for instance) posseas 
the property of tuming its yellow color to brown-red, more especiallj 
on dryiug. It affords an excellent means for the detection of boracic 
acid. 

All test papers are cut into Hips, which are kept in small well-closed 
boxes, or in bottles covered with black paper, as continned action of 
light destroys the color. 

* Mr. A. S. Taylor liM suggested that a rerj delicate test paper for deteotiiig alkali« 
maj be prepared by steeping slipa of paper in an acid infunon of roee petala. 
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§76. 

2. Solution or IvDioa 

FrepcircUion. — Take firom 4 to 6 parte of fuming Bulphnrio acid^ add 
dowlj and in small portions at a time 1 part of finely pulverized 
indigo, taking oare to keep the mixture well stirred. The acid has at 
fint imparted to it a brownish tint bj the matter which the indigo coa- 
tains in admixture, bat it subsequentlj tums deep blue. Elevation of 
temperature to anj oonaiderable extent must be avoided, as part of the 
Indigo blue Ib thereby destroyed ; it is therefore advisable when dlssolv« 
ing larger quantities of the subetaDce to place the vessel in oold water. 
When the whole of the indigo has been added to the acid, cover the 
vessel, let it stand forty-eight hours, then pour its contents into 20 
times the quantitj of water, mix, filter, and keep the filtrate for use. 

Uses. — Indigo is decomposed by boiling with nitric acid, yellow- 
oolored oxidation producta being formed. It serves therefore for the 
detection of nitric acid. Solution of indigo is also well adapted to 
e£fect the detection of chloric acid and of free chlorine. 

B. REAGENTS IN THE DRY WAY. 

L Fluxes and Dscomposing Aoents. 

§ 77. 

1. Mixtube or Carbonate of Soda and Cabbonate of Potassa. 

(NaO,00, + KO,COJ. 

Preparaiian. — Digest 10 parts of purificd bitar träte of potassa ia 
powder with 10 parts of water and 1 part of hydrochloric acid for 
several hours on the water-bath, with frequent stirring ; put the masa 
into a funnel with a small filter inserted into the pointed end ; let it 
drain ; cover with a diso of rather difficultly permeable filtering paper 
with uptumed edges, and wash by repeatedly pouring upon this sinall 
quantities of cold water ; continue this washing process until the fluid 
running off is no longer rendered turbid by Solution of uitrate of silver, 
alter addition of nitric acid. Dry the bitartrate of potassa freed in this 
manuer from lime (and phosphoric acid). It is now necessary to prepare 
pore nitrate of potassa. To effect this, dissolve nitrate of potassa of 
commerce in half its weight of boiling water, filter the Solution into a 
porcelain or stoneware dish, using a hot funnel, and stir it well with a 
ciean wooden or porcelain spatula until cold. Transfer the crystalline 
powder to a funnel loosely stopped with cotton, let it drain, press down 
tight^ make even at the top, cover with a double disc of difficultly per- 
meable filtering paper with upturned edges, and pour upon this at proper 
intervals small portions of water until the washings are no longer made 
turbid by Solution of nitrate of silver. Empty now the contents of the 
funnel into a porcelain dish, dry in this vessel, and reduce the masa to a 
fine powder by trituration. 

Mix now 2 parts of the pure bitartrate of potassa with 1 part of the 
pure nitrate of potassa; project the perfectly dry mixture in small 
portions at a time into a clean-scoured cast-iron pot heated to gentle 
lednesB ; when the mixture has deflagrated heat strongly uutil a sample 
taken fh>m the edges gives with water a perfectly colorless Solution. 
Tritorate the oharred maas with water, filter, wash slightly, and evapo- 
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rat« the fil träte in a porcelain or, better still, in a silver dish, until 
the fluid is covered with a persistent pellicle. Let the mixture now 
oool, with consiant stirring ; put the crystals of carbonate of poiassa oa 
a funnel, let them well drain, wash slightly, drj thoroughlj in a silver 
or porcelain dish, and keep the ciystals in a well-stoppered bottle. The 
mother liquor leaves upon evaporation a salt which, though containing 
traces of alumina and silicio acid, may still be tumed to aocount for 
many piirposes. 

Mix 13 parts of the pure carbonate of potassa prepared in the manner 
just now described with 10 parts of pure anhydrous carbonate of soda, 
and keep the mixture in a well-stoppered bottle. The mixture of car- 
bonate of potassa and carbonate of soda may also be prepared by defla- 
grating 20 parts of pure bitartrato of potassa with 9 parts of pure 
nitrate of soda, treating with water, and evaporating the Solution to dry- 
ness. Or by igniting pure tartrate of potassa and soda, extracting the car- 
bonaceous mass with water, and evaporatingtheclearsolution todryness. 

Tents. — The purity of the mixed salt is tested as directed § 46 {car- 
bonate ofaoda), To detect any trace of Cyanide of potassium that may 
happen to be present, ndd to the Solution of the salt a little of a Solution 
of ])roto-se8quioxide of iron, then hydrochloric acid in excess, when the 
bluish-green coloratiou of the fluid and the forniation of a blue preci- 
pitat« afler a time will indicate the presence of Cyanide of potassium. 

Lhea. — If silicio acid or a Silicate is fused with about 4 parts (con- 
sequently with an excess) of carbonate of potassa or soda, carbonic acid 
escapes with eflervesceuce, and a basic alkaline Silicate is formed, which, 
being soluble in water, may be readily separated from such metallic 
Oxides as it may contain in admixture ; from this basic alkaline Silicate 
hydrochloric acid separates the silicic acid as hydrate. If a fixed alkaline 
carbonate is fused together with sulphate of baryta, strontia, or lime, 
there are formed carbonates of the alkaline earths and sulphate of the 
alkali, in which new Compounds both the base and the acid of the 
originally insoluble salt may now be readily detected. However, we do 
not use either carbonate of potassa or carbonate of soda separately to 
efiect the decompositiou of the insoluble Silicates and sulphates ; but we 
apply for this purpose the above-described mixture of both, because this 
mixture requires a far lower degree of heat for fusion than either of its 
two components, and thus enables us to conduct the opemtion over a 
Berzdius lamp, or over a simple gas-lamp. The fusion with alkaline 
carbonates is invariably eflected in a platinum orucible, provided no 
reducible metallic oxides be present. 

§78. 

2. Hydrate of Baryta (BaO,HO). 

PreparaHan, — The crystala of baryta prepared in the manner directed 
§ 34 are heated gently in a silver or pktinum dish, until the water of 
crystallization is completely expelled. The residuary white mass is 
pulverized, and kept for use in a well-closed bottla 

(/ses, — Hydrate of baiyta fiises at a gentle red heat without losing 
its water. Upon fusing Silicates which resist decompositiou by acids 
together with about 4 tinies their weight of hydrate of baryta, basic 
Silicates are formed which acids will decompose. If, therefore, the fused 
mass is treated with water and hydrochloric acid, the Solution evaporated 
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io dryness, and tbe residue digested with dilute bydrocblorlc acid, the 
BÜicic acid is left behind, and the oxides are obtained in Solution in the 
form of Chlorides. We use hjdrate of baryta as a flux when we wish to 
test Silicates for alkalies. This reagent is preferable as a flux to the car- 
bonate or nitrate of baryta, since it does not require a very high temp^ 
ratare for its fusion, as is tlie case with the carbonate, nor does it cause 
any spirting in the fuäing mass, arising from disengagement of gas, as is 
the case with the nitrate. The Operation of fluxing with hydrate of 
baryta is conducted in silver or platinum crucibles. 

§79. 

3. Fluoride of Calcium (Ca Fl). 

Take fluor-spar as pure as can be procured and, more particularly, free 
firom alkalies, reduce to fine powder, aud keep this for use. 

üsea. — Fluoride of calcium applied in conjunction with sulphuric acid 
serves to effect the decomposition of Silicates iusohible in acids, and more 
e8|)ecially to detect the alkalies which they contain. Compai*e Section 
IIL Süicic acid, § 150. 

§80. 

4. NiTHATB op Soda (NaO, NO.). 

Preparaiion. — Neutralize pure nitric acid with pure carbonate of soda 
exactly, and evaporate to crystallization. Dry the crystals thoroughly, 
triturate, and keep the powder for use. 

TesU, — A Solution of nitrate of soda must not be made turbid by 
Solution of nitrate of silver or nitrate of baryta, nor precipitated by 
carbonate of soda. 

Ü8e8, — Nitrate of soda serves as a very powerful oxidizing agent, by 
yielding oxygen to combustible substances when heated with them. We 
ose this reagent priucipally to convert several metallic sulphides, and 
more particularly the sulphides of tin, antimony, and arsenic, inta oxides 
and acids ; also to effect the rapid and complete combustion of organic 
substances ; for the latter purpose, however, nitrate of ammonia is in 
many cases preferable ; which latter reagent is prepared by saturating 
nitric acid with carbonate of ammonia. 

II. Blowpipe Eeagents. 

§81. 
1. Carbonate of Soda (NaO, CO,). 

Preparalion. — See § 46. 

üsea. — Carbonate of soda serves, in the first place, to promote the 
reduction of oxidized substances in the inner flame of the blowpipe. In 
fusing it brings the oxides into the most intimate contact with the char- 
coal Support) and enables the flame to embrace every part of the substance 
tmder examination. It co-operates in this process also chemically by the 
transposition of its constitueuts (according to R, Wagner, in consequence of 
ihe formation of Cyanide of sodium). Where the quantity operated upon 
was very minute Uie reduced metal is often found in the pores of the 
charooal. In such cases the parts surrounding the little cavity which 
contained the sample are dug out with a knife, and triturated in a small 
mortar ; the ohaxcoal is then washed off firom the metallic particles^ 
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whicb now become visible either in the form of powder or as small flat 
spaDgles, according io the natare of the partioular metal or metals 
preaent. 

Carbonate of soda seires, in the second place, aa a solvent. Platinom 
wire is the most convenient sapport for testing the solability of substanoes 
in fusing carbonate of soda. A few only of the basea dinolve in fusing 
carbonate of soda, but acids diasolve in it with &cilitj. Carbonate of 
■oda is also applied as a decomposing agent and fluz, and more partica- 
larlj to effect the deoomposition of the insolable sulphatea, with which 
it exchanges acids, the newlj formed snlphate of soda being reduoed at 
the same time to sulphide of sodium ; and to effect the decomposition of 
Bolphide of arsenic, with which it forma a double sulphide of arsenic and 
aodium, and arsenite or arsenate of soda, thus Converting it to a Ftate 
which permits its subsequent reduction by h jdrogen. Carbonate of soda 
also is the most sensitive reageiit in the dry way for the detection of 
manganese, as it produces when fnsed in the outer flame of the blowpipe 
together with a siibstanoe containiug manganese a green opaque bead, 
owiug to the formation of manganate of soda. 

§82. 

2. Ctanide of Potassiüm (KCy). 

FreparcUion. — See § 5L 

Uaes, — Cyanide of potassium is an exceedingly powerfnl redncing agent 
in the dry way ; indeed it excels in its action almoet all ot^er reagents 
of the same class, and separates the metals not only from moat oxygea 
Compounds, but also from many sulphur Compounds. Thia reduction is 
attended in the former case with formation of cyanate of potaasa, by the 
absorption of oxygen, and in the latter case with formation of sulpho- 
cyanide of potsAsium, by the taking up of sulphur. By meana of this 
reagent we may effect the reduction of metaJs from their Compounds 
with the greatast possible facility ; thus we may, for instanee^ produce 
metallic antiroony from antimonious acid or from sulphide of antimony, 
metallic iron from sesquioxide of iron, Sm. The readineas with which 
Cyanide of potassium enters into fusion facilitates the redaction of the 
metals greatly ; the prooess may usually be conducted even in a poroelain 
crucible over a spirit lamp. Cyanide of potassium is a most valuable 
and important agent to effect the reduction of binoxide of tin, antimonic 
acid, and more particularly oftersulphideof arsenic (see § 132). Cyanide 
of potassium is equally important as a blowpipe reagent Its action is 
exceedingly energetic ; sulmtances like binoxide of tin, the reduction of 
which by means of carbonate of soda requires a tolerably streng flame, 
are reduced by Cyanide of potassium with the greatest facility. In blow- 
pipe experiments we invariably use a mixture of equal parts of carbonate 
of soda and Cyanide of potassium ; the admixture of carbonate of soda is 
intended here to check in some measure the exoessive fusibility of the 
Cyanide of potassium. This mixture of Cyanide of potassium with car- 
bonate of soda, besides being a far more powerful reducing agent than 
the simple carbonate of soda, has moreover this great advantage over the 
latter, tbat it is absorbed by the pores of the charooal with extreme 
fiicility, and thus permits the production of the metallic globulea in a 
atate of the greatest purity« 
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§ 83. 

3, BiBOBATB OF Soda (Borax) (NaO,2BO^ 
erygtaüized + 10 aq.). 

The parity of commercial borax may be tested by adding to its Solu- 
tion carbonate of soda or, after previous addition of nitric acid, Solution 
of nitrate of baryta or of nitrate of silver. The borax may be consi- 
dered pure if these reagents &il to produce any alteration in the Solu- 
tion ; but if either of them oauses the formation of a precipitate, or 
renders the fluid turbid, recrystallization is necessary. llie pare crys- 
tallized borax is exposed to a gentle heat, in a platinum crucible, until it 
ceases to swell ; it is then left to cool, and afterwards pulverized and 
kept for nse. 

Uses, — Boradc acid manifests a great affinity for oxides when brought 
into oontact with them in a State of fusion. This affinity enables it, in 
the first place, to combine directly with oxides; secondly, to expel 
weaker acids from their salts ; and, thirdly, to predispose metals, sul- 
phides, and haloid Compounds to oxidize in the outer flame of the blow- 
pipe, that it may combine with the oxides. Most of the thus produced 
borates fuse readily, even without the aid of a flux, but far more so in 
oonjanction with borate of soda; the latter salt acts in this Operation 
either as a mere flax, or by the formation of double salts. Now in the 
biborate of soda we have both free boracic acid and borate of soda ; the 
Union of these two substances renders it one of cur most important 
blowpipe reagents. In the process of fluxing with borax we usually 
aelect platinum wire for a support ; the loop of the wire is moistened or 
heated to redness, then dipped into the powder, and exposed to the outer 
flame ; a colorless bead of fused borax is thus produced. A small por- 
tion of the substance under examination is then attached to the bead, by 
brin^^ng the latter into contact with it whilst still hot or having previ- 
oualy moistened it. The bead with the sample of the substance in- 
tended for analysis adhering to it is now exposed to the blowpipe flame, 
and the reactions to the manifestation of which this process gives rise 
are carefully observed and examined. The following puints ought to be 
more particularly watched : — (1) Whether or not the sample under exa- 
mination dissolves to a transparent bead, and whether or not the bead 
Tetains its transparency on cooling; (2) whether the bead exhibits a 
distinct color, which in many cases at once clearly iudicates the indi- 
Tidnal metal which the analysed Compound contains ; as is the case, for 
instance, with cobalt ; and (3) whether the bead manifests the same or a 
different deportment in the outer and in the inner flame, Beactions of 
the latter kind arise from the ensuing reduction of higher to lower 
oxides, or even to the metallic state, and are for some sul«tances parti- 
cularly oharaoteristia 

§ 84. 

4. Phobfhatb of Soda and Ammonia (Microcosmic Salt) 
(NaO,NH^O, HO,PO„ crystaUized -h S aq.). 

Freparation, — o. Heat to boiling 6 parts of phosphate of soda and 1 
part of pure ohloride of ammonium with 2 parte of water, and let the 
solutioii CDoL Free the crystals produced of the double phosphate of 
aoda and fi["t"y»»H from the ohloride of sodium which adheres to them 
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bj recrystallization, witb addition of some solation of ammoaia. Drj the 
purified crystals, pulverize, and keep for use. 

b, Take 2 equal parts of pure tribasio pbospborio aoid, and add sola- 
tion of 8oda to the one, Solution of amtnonia to the other, until both fluids 
have a distinct alkaline reaction ; mix the two together, and let the 
xnixture crystallize. 

Tests. — Phosphate of soda and ammonia dissolves in water to a fluid 
with feebly alkaline reaction. The jellow precipitate produoed in this 
fluid by nitrate of silver must completely dissolve in nitric acid. lipon 
fusion on a platinum wire, microcosmio aalt must give a clear and oolor- 
leMs bead. 

Uaes, — On heating phosphate of soda and ammonia the ammonia 
eecapes with the water of crystallization, leaving acid pyrophosphate of 
soda (NaO,HO,PO,) ; upon heating more strongly the last equiva- 
lent of water escapes likewise, and readily fusible metaphoepbate of soda 
(NaO,PO,) is left behind. The action of microcosmic salt is quite 
analogous to that of biborate of soda. We prefer it, howeyer, in some 
cases to borax as a solvent or flnz, the beads which it furms with many 
substances being more beautifully and distinctly colored than those of 
borax. Platinum wire is also used for a support in the process of flux- 
ing with microcosmic salt ; the loop must be made srnsdi and narrow, 
otherwise the bead will not adhere to it. The Operation is oonducted 
as directed in the preceding paragraph. 

§ 8Ö. 

6. Nitrate of Protoxide of Cobalt (Co 0,1^0,, crystaUtzed a- 5 aq.). 

PreparcUion. — Fuse in a Hessian crucible 3 parts of bisulphate of 
potassa, and add to the fused mass, in small portions at a time, 1 part of 
well-roasted cobalt ore (the purest zaflre you can procure) reduoed to 
flne powder. The mJass thickens, and acquires a pasty consistence. 
Heat now more strongly until it has become more fluid again, and oon- 
tinue to apply heat until the excess of sulphuric acid is completely ex- 
pelled, and the mass aocordingly no longer emits white fumes. Kemove 
the fused mass now from the crucible with an iron spoon or spatula, let 
it cool, and reduce it to powder ; boil this with water until the undis- 
solved portion presents a soft mass ; then Alter the rose-red Solution, 
which is free from arsenio and nickel, and mostly also from iron. Add 
to the filtrate a small quantity of carbonate of soda, so as to throw 
down a little carbonate of protoxide of cobalt^ boil, and filter. Preci- 
pitate the Solution, which is now free from iron, builing with carbonate 
of soda, wash the precipitate well, and treat it still meist with oxalic 
acid in excess. Wash the rose-red Oxalate of protoxide of oobalt 
thoroughly, dry, and heat to redness in a glass tube, in a current of 
hydrogen gas. This decomposes the Oxalate into carbonic acid, which 
escapes, and metallic cobalt^ which is left behind. Wash the metal, first 
with water contaiiiing acetic acid, then with pure water, dissolve in 
dilute nitric acid, treat — if necessary — with hydrosulphurio aoid, filter 
the fluid from the sulphide of copper, <l^a, which may precipitate, eva- 
porate the Solution in the water-bath to dryness, and dissolve 1 part of 
ihe residue in 10 parts of water for use. 

Tests. — Solution of nitrate of protoxide of cobalt must be free from 
other metals, and espedally also from salts of the alkalies ; when preei- 
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pitated witb sulphide of ammonium, and flltered, tbe filtrate must upon 
evaporation on platioum leave no fixed residue. 

Üse8, — Protoxide of cobalt forma upon ignition with certain infusible 
bodies peculiarly oolored Compounds, and may accordingly serve for tbe 
detection of tbese bodies (oxide of zinc, alumina» and magnesia ; see 
Section III.). 



SECTION IIL 

REACTIONS, OB DEPORTMENT OF BODIES WITH RE:A.GENTS. 

§ 86. 

I 8TATED in mj introductory remarks tbat tbe Operations and experi- 
ments of qualitative analysis have for theii* object tbe conversion of tbe 
unknown constituents of anj given Compound iuto forma of wbicb we 
IcThow tbe deportment, relations, and properties, and wbicb will accord- 
ingly permit i28 to draw correct inferences regarding tbe several consti- 
taents of wbicb tbe analysed Compound consists. Tbe greater or less 
Talue of Bucb analy tical experiments, like tbat of all other inquiries and 
investigations, depends upon tbe greater or less degree of certain ty witb 
wbicb tbey lead to definite results, no matter wbetber of a positive or 
negative nature. But as a question does not render us any the wiser if 
we do not know tbe language in wbicb tbe answer is returned, so in 
like manner will analytical iuvestigations prove unavailing if we do not 
linderstand tbe mode of expression in wbicb tbe desired information is 
conveyed to us ; in otber words, if we do not know bow to interpret 
tbe pbenomena produced by tbe action of our reagents upon tbe sub- 
stance examined. 

Before we can tberefore proceed to enter upon tbe practical iuvestiga- 
tions of analytical cbemistry, it is indispensable tbat we sbould recÜly 
possess tbe most perfect knowledge of the deportment, relations, and 
properties of tbe new forms into wbicb we intend to convert tbe sub- 
Btanoes we wisb to analyse. Now tbis perfect knowledge consists, in 
the first place, in a clear conception and comprebension of tbe conditiona 
necessary for tbe formation of tbe new Compounds and tbe manifestation 
of tbe various reactions ; and, in tbe second place, in a distinct impres- 
sion of tbe color, form, and pbysical properties whicb chai'acterize tbe 
new Compound. Tbis section of tbe work demands tberefore not only 
tbe most careful and atteutive study, but requires moreover tbat tbe 
Student sbould examine cmd verify by actval experimerU everyfact asserted 
in ü, 

Tbe metbod usually adopted in elementary works on cbemistry is to 
treat of tbe various substances and tbeir deportment witb reagents in- 
dividually and separately, and to point out tbeir cbaracteristic reactions« 
I have, bowever, in tbe present work deemed it more judicious and 
better adapted to its elementary cbaracter, to arrange tbose substances 
wbicb are in many respects anaiogous into groups, and tbus, by com- 
paring tbeir analogies witb tbeir differenoes, to place tbe latter in tbe 
clearest possible ligbt 
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A. — ^Rkactions, or DspoimiKNT ahd Profkbtiks op ths Mstaluo 

OXIDBB AND OP THEIB RaDICAIA 

{87. 

Befbre prooee^g to tbe special stadj of the several metallic oxides, 
I give here a general view of the whole of them claRsified in groups — 
showing which oxides belong to each group. The graunda upon which 
the Classification has been arranged wÜl appear from the special consi- 
deration of the several groups. 

First group— 

Fotas9<i^ aoda, ammonia (oxide of ciBsium, oxide of rubidium, lithia). 

Second group — 

Baryta, Hrtmlut^ Urne, magnesia. 

Third gronp — 

Äluminat sesquioxide of ditündwn (berylla, thoria, aroonia, yttria — 
eartha ; oxide of terbium, oxide of erbium ; oxides of cerium, lanthanium, 
didjniium, titanium, tautalium, niobium). 

Fourth group— 

Oxides of «inc, manga'M»^ nickel^ eobaU, iron (uranium, Vanadium, 
thalHum). 

Fifth group— 

Oxides of Mver, mercury^ lead, hitmuih^ eopper, eadfmum (palladium, 
rhodium, osmium, ruthenium). 

Sixth group— 

Oxides aud acids of gold, plcUinum, ttn, arUimony, araenie (iridium, 
moljbdenum, t<ellurium, tungsten, seleoium). 

Of these metallic oxides oiilj those printed in italica are found distri- 
buted extensivelj and io large quautities in that portion of tlie earth*8 
crust which is accessible to cur investigations ; these are therefore most 
important to chemistrj, arts and manufactures, agriculture, pharmacy, 
&o. &c. ; and we shall therefore dwell upon them at greater leng^ 
The remainder are more brieflj considered in paragraphs printed in 
smaller tjpe, which maj be passed over by the younger class of stn- 
dents of analytical chemistry. The properties and reactions of the 
metals I have given only in the case of tbose that are more frequenüy 
met with in the metallic State in analytical Operations. 

§ 88. 

FIBST GB0T7P. 

More common oxides of the first group : — Potassa, Soda, AmcoNiA« 
Rarer oxides of the first group:— ^xidk of Cssium, Oxide of 
Rubidium, Lithia. 

Frapertiea of Hit group, — The alkalies are readily soluble in water, as 
well in the pure or caustic State as in the form of sulphides, carbonates, 
and phosphates. (The salts of lithia, however, dissolve with difficulty.) 
Accordingly the alkalies do not precipitate oneanother in the pure State, 
nor as carbonates or phosphates (which in the case of lithia, however, 
presupposes a higher degree of dilution of the Solutions), nor are they 
predpitated by hydrosulphnric acid nnder any oondition whatever. The 
Solutions of the pure alkalies as well as of their sulphides and carbonates 
restore the blue color of reddened litmus-paper, and impart an intensely 
brown tint to turmeric paper. 
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tSj^eciai BeaoUona o/the more common Oxidei o/thsfirH graup, 

§ 89. 
o. PoTAsaA (KO). 

1. PoTASSA and its htdrate and salts are not yolatile at a fEunt red- 
heat. Potassa and it» hydrate deliquesoe in the air j the oily liquids 
formed do not solidify by abisorption of carbonio acid. 

2. Nearly the whole of the salts of potassa are readily soluble in 
water. Tboee with colorless aeids are colorless. The neutral salts of 
potassa with stroDg acids do not alter vegetable colors. Carbonate of 
potassa crystallizes (in combination with 2 equivalents of water) with 
difficulty, and deliquesoes in the air. Sulphate of potassa is anhydrous 
and suffers no alteration in the air. 

3. Bichloride of platinum produces in the neutral and acid Solutions of 
the salts of potassa a yellow cry stalline heavy precipitate of bighloridb 

OF PLATINUM AND CHLORIDE OF POTASSIUM {potasstobtchloride of plch 

tinum) (KCl,PtCl,). In coucentrated Solutions this precipitate sepa- 
rates immediately upon the addition of the reagent : in dilute Solutions 
it forms only after some time, often after a considercUdö tima Very 
dilute Solutions are not precipitated by the reagent The precipitate 
consistd of octahedrons discemible under the microscope. Alkaline 
Solutions must be aoidiiied with hydroohloric acid before the bichloride 
of platinum is added. The precipitate is difficultly soluble in water ; 
the presence of free acids does not greatly increase its solubility ; it is 
insoluble in aloohoL Bichloride of platinum is therefore a particularly 
delicate test for salts of potassa dissolved in spirit of wine. The best 
method of applying this reagent is to evaporate the aqueous Solution of 
the potassa salt with bichloride of platinum nearly to dryness on the 
water-barh, and to pour a little water over the residue (or, better still, 
Bome spirit of wine, provided no substances insoluble in that menstruum 
be pretient), when Uie potassio-bichloride of platinum will be left undis- 
solved. Gare must be taken not to confound this double salt with 
ammonio-bichloride of platinum, which greatly resembles it (see § 91, 4.) 

4. Tcuiaric cund produces in neutral or alkaline* Solutions of salts of 
potassa — a white, quickly subsiding, granulär crystalline precipitate of 
ACID TARTRATB OF POTASSA (K O, H O C, H^ O,^). In conoentrated 
Solutions this precipitate separates immediately ; in dilute Solutions often 
only after the lapse of some tima Yigorous shaking or stirring of the 
fluid greatly promotes its formation. Yery dilute Solutions are not pre- 
cipitated by this i^eagent Free alkalies and free mineral acids dissolve 
the precipitate ; it is sparingly soluble in cold, but pretty readily soluble 
m hot water. In acid Solutions the free acid munt, if practicable, first 
be expelled by evaporation and ignition, or the soluiion must be neutral- 
ized with soda or carbonate of soda, before they can be tested for potassa 
with tartaric acid. 

Äcid tartrate of soda answers still better as a test for potassa than 
free tartaric acid. The reaction is the same in kind, but different in 
degree, being much more delicate with the salt than with the free acid, 
sinoe where the former is used the soda salt of the acid combined with 
the potassa is formed, whereas where free tartaric acid is the test ap- 

* To alkslfaie sditttoiis the reagent must be added until the fluid shows a strongly 
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plied the hydrate of the acid oorobined with the potassa is formed, 
which tends to iDcrease the dissolving actiun of the water of the meo- 
struutn upou the acid tartrate of potassa, and thus to check the Separa- 
tion of the latter (K O, N 0, + Na 0, H 0, C, H, 0,, = K O, H 0,C, H,0,. + 
NaO,NO,). 

5. If a potassa salt which is volatile at an intense red heat is held on 
the loop of a platinum wire in the fusion zone of the flame of Bunsen» 
gaa-lamp (§ 14, fig. 17), the salt volatilises, and imparts a hlue violet tint 
to the part of the flanie above the sample. Chloride of potassium and 
nitrate of potassa volatilize rapidly, the carbonate and sulphate less 
rapidly, and the phosphate still more slowlj ; but thej all of them dis- 
tinctly 8how the reaction, thongh decreasing in degree. If it is wished 
to obtain a more uniform manifestation of the i^eaction, t. e. a nianifesta* 
tion independent of the nature of the acid that may chauce to be com- 
bined with the potassa, the sample need simply be moistened with 
sulphuric acid, dried at the border of the flame, and then iutroduoed 
into the fusion zone. With Silicates, and other oom}>ounds of potassa of 
difficult volatility, the reaction may be ensured by flnxing the sample 
first with pure gypsum, as this servcs to form Silicate of lime and sul- 
phate of potassa, which latter salt then readily colors the flame. 
Decrepitating salts are ignited in a platinum spoon before they are 
attached to the loop. 

The sample of the potassa salt linder examination may also be held 
before the apex of the inner blowpipeßame produced with a spirit-lamp. 
Prescnce of a salt of soda completely obscures the potassa coloration of 
the flame. 

The spectrum of the potassa flame produced by the apectrum apparaiui 
(§ 1^) ^g« ^0) ^8 shown on Table I. It contains two characteri^tic lines, 
the red line a and the indigo blue line ß, If the potassa flame is ob- 
served through the indigo priem (§ 15, flg. 19) the coloration appears 
sky-blue, violet, and at last intensely orimson, even through the tliickest 
layers of the Solution. Admixtures of lime-, soda-, and lithia-compouuds 
do not alter this reaction, as the yellow rays cannot penetrate the indigo 
Solution, and the rays of the lithia flame also are only able to paas 
through the thinner layers of that Solution, but not through the thicker 
layers ; the exact spot where the peuetrating power of the rays of the 
lithia flame oeases has to be marked by the Operator on bis indigo 
prism. But organio substances which impart luminosity to the flame 
might lead to mistakes, and must therefore, if present, first be removed 
by combustion. Instead of the indigo prism a blue glass may be used ; 
if lithia is present the glass must be sufficiently thick to keep out the 
red lithia rays. 

6. If a salt of potassa (chloride of potassium answers best) is heated 
with a small quantity of water, alcohol (burning with colorless flame) 
added, heated, and then kindled, the flame appears violbt. The pre- 
seDce of soda obscures this reaction, which is altogether much lesd 
delicate than the oue described in 5. 

§ 90. 
h. Soda (Na 0). 

1. Soda and its htdrate and salts present in general the same pro- 
perties and reactions as potassa and its oorresponding Compounds. Tl^e 
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oilj fluid which soda forins bj deliquesoing in tbe air resolidifies speedily 
bv absorptioD of carbonic acid. Carbonate of soda ory stall izes readilj ; 
tbe crystals (NaO, CO, + 10 aq.) effloresce rapidly when exposed to 
tbe air. The same applies to tbe crystals of solpbate of soda (Na O, 

SO.+ lOaq.). 

2. If a Bufficiently concentrated Solution of a soda salt witb neutral or 
alkaline reaction is mixed, for greater convenience, in a watcb-glass, witb 
a Solution of granulär ajUimonaie of potassa prepared according to tbe 
directioQs of §51, the mixture remains clear at first, or appears only 
sligbtly c^lored ; but upon rubbing tbe part of tbe glass wetted bj tbe 
fluid witb a glass rod, a crystalline precipitate of antimonate of soda 
(NaO,SbO +7 aq.) speedilj separates, wbicb makes its appearanoe first 
along tbe lines rubbed witb tbe rod, and subsides from tbe fluid as 
a beavy saudy precipitate. From dilute Solutions of soda salts tbe 
precipitate separates only after some time, occasionally as mucb as 
twelve hours. From very dilute Solutions it does not separate at alL 
The precipitated antimonate of soda is invariMy orystalline. Wbere it 
bas separated slowly it occasionally consists of well-formcd microscopic 
cubio octahedrons, but more frequently of four-sided columns tapering 
pyramid fashion ; wbere it bas separated promptly, it appears in tbe 
form of small boat-sbaped crystals. Preseuce of larger quantities of 
salts of potassa interferes very considerably witb tbe reaction. Acid 
Solutions canuot be tested witb antimonate of potassa, as free acids 
will separate from tbe latter substance bydrated antimonic acid or 
acid antimonate of potassa. It is indispensable tberefore, before adding 
tbe reagent, to remove, if possible, tbe free acid by evaporation or 
ignitiou, or wbere tbis is not practicable, by neutralizing tbe acid 
Solution witb a little carbonate of potassa until tbe reaction is feebly 
alkalina It shonld also be bome in mind tbat only sucb Solutions can 
be tested witb antimonate of potassa wbicb contain no otber bases 
besides soda and potassa. 

3. If salts of soda are beld in tbe fusion zone of BunaerCs gas-lamp, or 
in tbe inner spirit-blowpipe flame, tbey sbow, witb regard to tbeir rela- 
tive volatility and tbe action of decomposing agents upon tbem, a similar 
deportment to tbe salts of potassa; tbe soda salts are, bowever, a little 
less Yolatile than tbe corresponding potassa salts. But tbe most cbarac- 
teristic sign of tbe presence of soda salts is tbe intenae yeUow coloration 
wbicb tbey im part to tbe flame. Tbis reaction will eflect tbe detection 
of even tbe minutest quantities of soda, and is not obscured even by tbe 
presence of larger quantities of potassa. 

Tbe aoda spedrum (Table I.) sbows only a single yellow line, ct. Tbe re- 
action is so exceediugly delicate tbat tbe cbloride of sodium contained in at- 
mospbericdustgenerallysufficestogive a sodaspectrum,althougbafaintone. 

It is characteristic of the soda flame tbat a crystal of bicbromate of 
potassa appears colorless in its ligbt, and that a slip of paper coated witb 
iodide of mercury appears white with a faint shade of yellow (Bunsen) ; 
also tbat it looks orange yellow when observed througb a ffreen glass 
(Merz). Tbese reactions are not obscured by presence of salts of potassa, 
litbia, and lime. 

4. If salts of soda (cbloride of sodium answers best) are treated as 
stated in the preceding paragrapb on potassa, sub. 6, tbe cdcohol flama 
is oolored intensely yellow. The presence of a potassa salt does not 
impair tbe distinctness of tbis reaction. 
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ß. Bichloride ofpUUinwn produces no precipitate in solutiona of aoda 
salts. Sodio-bichloride of platinam dissolves readilj both in water and 
in spirit of wine ; it orjstallizes in rosy prisms. 

6. Tartaric acid and aeid ta/rtrate ofaoda fidl to precipitate even con- 
oentrated neutral Solutions of soda salts. 

S91. 

c Ammonia (NH.O). 

1. Anhjdrous ammokia (N H,) is gaseous at the common tenfjperatare ; 
but we bave most frequentlj to deal with it in its aqueous Solution, in 
whicb it betrays its preseuoe at once bj its penetrating odor. It is 
expelied from this Solution by the appUcation of beat. It may be 
assumed that the Solution contains it as oxide of ammonium (NH^O) 
(see § 33). 

2. All the SALTS OF AMAiONiA are volatUe at a high temperatnre, either 
with or without deoomposition. Most of them are readily soluble in 
water. The Solutions are colorless. The neutral Compounds of ammonia 
with streng aoids do not alter vegetable colors. 

3. If salts of ammonia are triturated together with hydrale of UtM^ 
best with the addition of a few drops of water, or are, either in the solid 
State or in Solution, heated with Solution of potassa or of soda, the ammonia 
is liberated in the gaseous State, and betrays its presence — 1, by its 
characteristic odok ; 2, by its rbaction on moistened te8T-papbb8 ; and 
3, by giving rise to the formation of white fumbs wheu auy object (t.g, 
a glass rod) moistened with hydrochlonc acid, nitric aoid, acetic acid, or 
any of the volatile acids, is brought in coutaot with it. These fumes 
arise from the formation of solid ammoniacal salts produoed by the oon- 
tact of the gases in the air. Hydrochlorio acid is the most d^ioate test 
in this respect ; acetic acid, however, admits less readily of a mistake. 
If the expulsion of the ammonia is effected in a small beaker, best with 
hydrate of lime, with addition of a very little water, and the beaker is 
covered with a watch-glass having a slip of moistened tormeric or red- 
dened litmus-paper attached to the centre of the convex aide, the reaction 
will show the presence of even very minute quantities of ammonia; only 
it is not immediate in such cases, but requires some time for its mani- 
festation. It is promoted aud accelerated by application of agentle heak 

4. Bichloride of pUuinum shows the same deportment with salts of 
ammonia as with salts of potassa ; the yellow precipitate of bichloride 

OF PLATINUM AND CHLORIDE OF AMMONIUM (N H^Cl,PtCl,) is, howeVCr, 

of asomewhat lighter color than potassio-bichloride of platinum. It 
oonsists, like the correspouding potassium Compound, of octahedrons dis- 
cemible under the microscope. 

5. TcvrUm/i acid throws down from most highly concentrated ammonia 
Salt Solutions with neutral reaction part of the ammonia as acid tartrate 
of ammonia (NH,0,HO, C.H^O ). Less concentrated Solutions are 
not precipitated. Äcid tartrale of soda precipitates concentrated Solu- 
tions more completely, and produces a precipitate even in more dilute 
Solutions. The precipitated acid tartrate of ammonia is white and crystal- 
line. Its Separation may be promoted by sbaking the glass, or rubbing 
it inside with a glass rod. By solvente it is acted upon the same as the 
oorresponding potassa salt, only that it is a Uttle more readüy soluble in 
water and in acids. ^ «•/ ^ «* 
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{92. 

EeoapiUdaHon and rema/rks. — The aalte of potaasa and soda are not 
TolatUe at a moderate red heat, whilst the salts of ammonia Yolatilize 
readilj ; the latter maj therefore be easilj separated from the former bj 
ignition. The expulsion of ammonia from its Compounds by hydrate of 
lime affords the surest meana of ascertaining the presenoe of this sub- 
stance. Saite of potaasa can be detected in the humid way pasUively 
only after the removal of the ammoniacal salts which may be present, 
aince both classea of aalts manifest the same or asimilar deportment with 
bichloride of platinum and tartaric acid« After the removal of the am- 
monia the potassa is clearly and positively cbaracterised by either of 
these two reagents. Let it be borne in mind always that the reactions 
wiU only show in concentrated fluids, and that dilute Solutions must 
therefore first be concentrated. A single drop of a concentrated Solution 
vrill give a positive result, which cannot be obtained with a large quan- 
tity of a dilute fluid. The most simple way of • detecting the potassa in 
the two sparingly soluble Compounds that have come under our cousider- 
ation here— Tiz., the potaasio-bichloride of platinum and theacid tartrate 
of potassa — is to decompose these salts by ignition ; the former thereupon 
yields the potassa in the form of chloride of potassium, the latter in the 
form of carbonate of potassa. As r^;ards soda, this alkali may be de- 
tected with positive certainty in the humid way by antimonate of potassa, 
provided the reagent be properly prepared and freshly dissolved, and the 
soda sah Solution be concentrated, neutral, or feebly alkaliue, and free 
from other basea^ and that it be borne iu mind that antimonate of soda 
invariably separates in the crystalline form, and not in a flocculent 
atate. To detect in this way very minute quantities of soda in presence 
of a large proportion of potassa, precipitate the latter alkali first with 
bichloride of platinum, filter, remove the platinum from the filtrate by 
hydrosulphuric aoid (§ 127), filter, evaporate the filtrate to drynessy 
ignite gently, dissolve the residue in a very little water, and then test 
the Solution finally with antimonate of potassa. 

Potassa and soda may be detected much more readily and speedily than 
in the humid way, and also with far greater delicacy, by the flame colo- 
ration. We have seen, indeed, that the soda coloration completely obscures 
the potassa coloration, even though the potassa salt contains only a trifling 
admixtnre of soda aalt. But with the aid of the spectrura apparatus the 
spectra of the two are obtained so distinct and beautiful that a mistake 
13 altogether impossible. And even without a spectrum apparatus the 
potaasa coloration can always be distinctly recognised through the in- 
digo prism, or through a blue glass, even in a flame colored strongly 
jellow by soda ; and the soda coloration again may be placed beyond 
doubt^ if neceasary, with the aid of iodide of mercury paper, or green 
glass, in the manner already described. 

Exoeedingly minute traces of ammonia may be detected by the follow- 
ing test^ which was first recommended by J. Nessleb. Dissolve 2 
grammes of iodide of potassium in 5 cubio centimetres of water, heat the 
Solution, and add iodide of mercury until the portion last added remaina 
nndissolved. Let this mixtnre cool, then dilute with 20 cubic centi- 
metres of water. Let the fluid stand some time, filter, and mix 20 cubio 
centimetres of the filtrate with 30 cubic centimetres of a concentrated 
solation of potasaa. Shoold the fluid tarn turbid, filter it once more. 
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TJpon adding to this Solution a Utile of a fluid containing ammonia, 
or an ammonia salt, a reddish-brown precipitate is formed if the am- 
monia is present in some quantity ; but there is, at anj rate, alwajs 
a yellow ooloration produced, even if onlj mast minute traces of ammonia 
are present The precipitate consists of tetrahjdrargyro-iodide of 
ammonium (NHg^I,2HO): 4(Hgl,KI) + 3 KO + NH, = (NHg^I + 
2HO) + 7KI + HO. Application of heat promotes the ^Separation 
of the precipitate. Presence of Chlorides of the alkali metals, or of salts 
of the alkalies with oxjgen acid, does not iuterfere with the reaction ; 
bnt presence of Cyanide of potassium, and of sulphide of potassium, will 
prevent it. 

§9S. 

Special Beactiont cf tke rarer Oxides of theßrtt graup. 

1. Oxioi OF Cjesium (CbO), and 2. Oxn)i of RuBmiüM (RbO). 

The cssium and nibidium Compounds are, it would appear, foand prettj widely 
duseminated in natura, but always in very minute quantities only. They nave hitberto 
been found chiefly in tbe mo'Uier liquora of mineral waters, and in a few minenüs 
(lepidolite, for instance). The csssium and nibidium Compounds bear in general great 
resembianoe to the potassiam Compounds, more particularly in this, that their conceD- 
trated aqueous Solutions ara precipitated by tariaric acid and by bichloride ofplati- 
num, and also that those of them tbat are volatile at a red heat ^tinge the ßame 
violet. The most notable characterisUc differences, on the other band are that the 
precipitates produoed by bichloride of platinum are far more insoiuble in water than the 
potassio* bichloride of platinum; 100 gramojes of water will, at 50** Fahrenheit, dis- 
•olve 900 müligrammes of potassio- bichloride of platinum, but only 154 miUigrammes 
of the rubidio* bichloride of platinum, and as little as 50 miUigrammes of the csesio- 
bichloride of platinum— and, above all, that the flames oolored by csesiumand rubidinm 
Compounds give tpectra quite different from the potassium spectrum (see Tkbie I). 
The caesium spectrum is especially characterized by the two blue linee a and ß, which 
are remarkable for their wonderful intensity and sharp outline ; also by the line y, 
which, however, is lese strongly marked. Amongst the lines in the rubidium spectrum, 
the splendid indigo-blue lines marked a and ß sinke the eye by their extreme bril- 
liancy. Less brilliant, but still very characteristic, are the lines 9 and y. JLastly, we 
have still to mention that carbonate of oxide of caesium is soluble in absolute alcohol, 
whilst carbonate of oxide of rubidium is insoiuble in that menstruum. Still, a Separa- 
tion of the two Oxides is e£fected only with di£5culty by this means, as they seem to 
form a double salt which is not absolutely insoiuble in alcohoL 

S. LiTHiA (Li 0). 

Lithia is also found pretty widely disseminated in natura^ but in minute quantities 
only. It is often met with in the analysis of mineral waters and ashes of plants, lest 
frequently in the analysis of minerals, and only rarely in that of technical and phar- 
maceutical producta. Lithia forms the transition from the first to the second group. 
It dissolves with difficulty in water; it does not attract moisture from the air. 
Most of its salts are soluble in water ; some of them are deliquescent (chloride of 
lithium). Carbonate of lithia is difficultly soluble, particularly in oold wacer. Pko»- 
phoUe of toda produces in not over diiute Solutions of salts of lithia upon boiling, 
a white crystalüne precipitate of tribasic phosphate of lithia (3 Li O, P O^), which 
quick ly subsides to the bottom of the precipitating veasel. This reaction, which is 
eharacteristio of lithia, is rendered muuh more delicato by adding'with the phoephate 
of soda a little Solution of soda. just sufficient to leave the reaction alkaline, evapo* 
rating the mixture to drynees, treating the residue with water, and adding an equal 
Tolume of liquid ammonia. By this course of proceeding even very minute quantities 
of lithia will be separated as 3 LiO, PO^. The precipitate fuses before the blowpipe, 
and gives upon fusion with carbonate of soda a clear bead ; when fused upon char- 
ooal it is absorbed by the pores of the latter body. It dissolves in hydrochloric acid 
to a fluid which, supersaturated with ammonia, ramains clear in the cold, but upon 
boiling gives a heavy crystalline precipitate of 8 Li O, PO,. (Reactions by which 
the phosphates of lithia di£fer from the phosphates of the alkaline earths). Titrtarie 
add and bichloride of platinum &il to precipitate even concentrated Solutions of salts 
of Uthia. If salta of lithia are exposed to the gaa or blowpipe Jlame, in the manner 
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described in the chapter on tbe potasaa reactiona (§ 89, 5), they tinge the flames car- 
iDiDe-red. Silicates containing lithia demand addition of gypsuni to produoe this 
reaction. Phosphate of lithia will tinge the flame carmine-red if the fased bead is 
moMtened with hydrochlorio acid. The soda ooloration oonceals the lithia coloration ; 
in presence of soda, therefore, the lithia tint must be viewed through a blue glass, or 
tbrough a thin layer of indign Solution. Presence of a small proportion of potassa 
will not conceal the lithia coloration. In presence of a laive proportion of potassa, the 
lithia may be identified by placing the bead in the point oi fosion, viewing the colored 
flame through the indigo prism (§ 15), and comparing it with a pure potassa flame 

Sroduced in the opposite fusion mantle. Viewed through thin layers, the lithia-colored 
ame appears now redder than- the pure potassa flame ; viewed through somewhat 
thicker layers, the flames appear at last equally red, if the proportion of the lithia to 
the potassa is only trifling ; but when lithia predominates in the examined sample 
the intensity of the red ooloration imparted by lithia decreases perceptibly when viewed 
through thicker layers, whilst the pure potassa- flame ia scarcely impaired thereby. By 
this means lithia may still be cietected in potassa salts, even though preeent only 
in the proportion of one part in several thousand parts of the latter. Soda, unleas 
present in over-large quantities, interferes but litUe with ihese reactions (CabtmilIi, 
Bunskn). 

The lühium ipeetrum (Table I.) is most brilliantly characterized by the splendid 
carmine-red line a, and tlie orange-yellow very faint line /3. If alcohol he poured over 
Chloride of lithium, and then ignited, the flame shows also a carmine-red tint, Pre- 
sence of salts of soda will mask this reaction. 



To detect small quantities of csBsium, rubidium, and lithium in presence of very 
large quantities of soda or potassa, extract the dry Chlorides, with addition of a few 
drops of hydrochloric acid, with alcohol of 90 per cent., which leaves behind ihe far 
larger portion of the chloride of sodium and chloride of potassium. Evaporate the 
Solution to dryness, dissolve the residue in a little water, and precipitate with bichloride 
of platinum. Filter the fluid off, wash the precipitate repeatedly with boiling water, 
to remove the potassio- bichloride of platinum present, and examine in the course of 
this process repeatedly by the spectroscope. The potassa spectrum will nowbe found to 
grow fainter and fainter, whilst the spectra of rubidium and csesium will become visible, 
if these metals are present. Evaporate the fluid filtered off from the platinum pred- 
^litate to dryness, heat the residue to slight redness in the hydrogen current, to 
decompose the sodio-bichloride of platinum- and the excess of bichloride of platinum, 
meisten with hydrochloric acid, drive off the acid again, and extract the chloride of 
lithiuni finaUv with a mixture of absolute alcohol and ether. The evaporation of the 
Solution obtamed leaves the chloride of lithium behind in a State of almost perfect 
purity ; it may then be further examined and tested. Before drawing from the simple 
ooloration of the flame the conclusion that lithia ia present, it is advisable, in order to 
guard against the chance of error, to test a portion of the residue, dissolved in water, 
with carbonate of ammonia, to make quite sure that strontia or lime is not 
present. The addition of hydrochloric acid, which is repeatedly prescribed in the 
above process to precede the extraction of the chloride of lithium with alcohol, is 
necessary for this reason, that chloride of lithium is, even at a moderate red heat, 
converted by the action of aqueous vapor into caustic lithia, which then attracts car* 
bonic acid, formiog carbonate of lithia, which is insoluble in alcohol. 

§ 94. 

second group. 

Baryta, Strontia, Lime, Magnesia. 

Properiies of the group, — The alkaline eartbs are sei üble in water in 
the pure (caustic) State. Magnesia, however, dissolves but very sparingly 
in water. The Solutions manifest alkaline reaction ; the alkaline reaction 
of magnesia is most clearlj apparent when that earth is laid upou 
moistened test-paper. The neutral carbonates and phosphates of the 
alkaline earths are insoluble in water. The Solutions of the salts of the 
alkaline earths are therefore precipitated by carbonates and phosphates of 
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the alkalies. This reaction distinguishes the oxides of tbe second group 
firom those of the first From the oxides of the other groups they are 
distinguished by the solutioDS being neither precipitated bj hjdrosol- 
phuric aoid, nor bj sulphide of ammonium. The alkaline earths and 
their Raltii are not volatile at a moderate red heat ; they are oolorlesa. 
The Solutions of their nitrates and Chlorides are not precipitated by car- 
bonate of baryta. 

Special JReactuma, 

§ 9ß. 
a. Bartta (BaO). 

1. Caustio bartta is pretty readily soluble in hot water, but rather 
iparingly so in cold water ; it dissolves freely in dilute hydrochloric or 
nitric acid. Hydrate of baryta fuses at a red heat, without losing its 
water. 

2. Moet of the salts dp bartta are insoluble in water. The soluble 
salts do not affect vegetable colors, and are decomposed upon ignition, 
with the exception of chloride of bariam. The insoluble salts dissolve 
in dilute hydrochlorio acid, exoept the sulphate of bar3rta and the silioo- 
fluoride of barium. Nitrate of baryta and chloride of barium are inso- 
luble in alcohol, and do not deliquesoe in the air. Goncentrated Solu- 
tions of baryta are precipitated by hydrochlorio or nitric acid added in 
large pro|K)rtion8, as chloride of barium and nitrate of baryta are not 
Pol üble in the aqueous Solutions of the said acids. 

3. Ammonia produces no precipitate in the aqueous Solutions of salts 
of baryta ; potaasa or 9oda (free from carbonic acid) only in highly con- 
o<^ntratod Rolutionii. Water redissolves the bnlky precipitate of crt9> 
TALS OF bauxta (Ba O, H O + 8 aq.) produced by potassa or soda. With 
acid fluids the applioation of heat is required to eiSect complete precipi- 
tation. 

4. Carbonaies o/the aJkalies throw down from Solutions of baryta cab- 
BONATB of baryta (Ba O. C O,) in the form of a white precipitate. 
Whon carbouate of amwonia is used as the precipitant, or if the Solution 
was previously acid, complete precipitation takes place only upon heating 
the Üuid. In chloi'ide of ammoinnm the precipitate is soluble to a 
trifling yet clearly perceptible exteut ; carbonate of ammonia therefore 
produces no precipitate in very dilute Solutions of baryta containing 
much chloride of ammonium. 

5. t^dphuric acid and all tlie soluble stdphales, more particularly also 
Solution of sidphat« of liv^ produce even in very dilute Solutions of 
baryta, a heavy, finely pulverulent, white precipitate of sulphate or 
BARYTA (Ba O, S O,), which is insoluble in alkalies, nearly ao in dilute 
acid«, but ])erceptibly soluble in boiling conoentrated hydrochlorio and 
nitric acid», as well as in concentrated Solutions of ammonia salts ; how- 
ever, in tbese latter only if thei*e is no excess of sulphuric acid present 
This precipitate is gencrally formed immediatcly upon the addition of 
the reagent ; from highly dilute Solutions, however, especially when 
strongly acid« it separates only after some time. 

6. llydrofluosUicic acid throws down from Solutions of baryta siLioo- 
FLUORIDB OF BARIUM (Ba Fl, Si Fl J in the form ofacolorless cry stalline 
quickly subsidiug precipitate. In dilute Solutions tliis precipitate is 
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formed onlj afler the lapee of some time ; it is perceptiblj Boluble in 
bjdrochlorio and nitrio acids. Addition of an equal volnme of alcohol 
hastens the precipitation and makes it so complete that the filtrate re- 
mains clear upon addition of Bulphuric acid. 

7. Phosphate of aoda produces in neutral or alkaline Solutions of 
baryta a white precipitate of phosphatb of bartta (2 BaO, HO, POJ, 
which is soluble in free acids. Addition of ammonia only slightly in- 
creases the quantitj of this precipitate, a portion of which is in this 
process converted into basic phusphate of baryta (3 BaO, PO^. Chlo- 
ride of ammonium dissolves the precipitate to a clearlj perceptible extent. 

8. Oxalate of ammonia produces in moderatelj dilute Solutions of 
baiyta a white pulverulent precipitate of Oxalate of baryta (2 BaO. 
C^0, + 2 aq.), which is soluble in hydrochloric and nitric acids. When 
recentlj thrown down, thiß precipitate dissolves also in oxalic and acetio 
acids ; but the Solutions speedüj deposit binoxalate of baryta (BaO, 
HO, C^0^+ 2 aq.) in the form of a crystalline powder. 

9. Ijf soluble salts of baryta in powder are heated with dilute 6/n9*t^ of 
wins, they impart to the flame a oreenish-tellow color, which, however, 
ia not yery characteristio. 

10. If salts of baryta are held on the loop of a platinum wire in 
the hottest part of Bunften*8 gas ßame, the part of the flame above the 
sample is colored tellowish-oreen ; or, if the baryta salts are held in 
the inner sptrü-bloiopipe ßa^ne, the same coloration is imparted to the 
part of the flame before the sample. With the soluble baryta salts, and 
also with the carbonate and sulphate of baryta, the reaction is immediate 
or very soon ; but the phosphate demands previous moistening of the 
sample with sulphuric acid or hydrochloric acid, by which means the 
baryta may be detected by the flame coloration also in Silicates decom- 
poaable by acids. Silicates which hydrochloric acid falls to decompose 
must be fluxed with carbonate of soda, when the carbonate of baryta 
produced will show the reaction. It is characteriätic of the yellowish- 
green baryta coloration of the flame that it appears bluish>green when 
viewed through the green glass. If the sulphates are selected for the 
ezperiment, presence of lime and strontia will not interfere with the 
reaction. The baryta epectrum is shown in Table I. The green lines, a 
and ßf are the most inteuse ; y is lesser marked, but still characteristia 

1 1. Cold Solutions of bicarbonates of the alkalies or of carbonate of 
ammonia fall to decompose sulphate of baryta, or, to »peak more cor- 
rectly, they decompose that salt only to a scarcely perceptible exteut ; the 
same applies to a boiling Solution of 1 part of carbonate amd 3 parte of 
sulphate of potassa, Repeated action of boiling Solutions of simple or 
monocarbonates of the alkalies upon sulphate of baryta succeeds in the 
end oompletely in decomposing that salt. It is readily decomposed also 
by fosion in conjunction with carbonates of the alkalies, which results 
in the formation of a sulphate of the fluxing alkali, which is soluble in 
water, and of carbonate of baryta, which is insoluble in that menstruum 

§96. 

5. Stboktia (SrO). 

1. Stbohtia and its htdrate and salts have nearly the same general 
properties and reactiona aa baryta and its oorresponding compounds.*- 

o2 
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i^u^l \>lf>«r\y i^^mnM^t if t^ ^$tMvt|^ «e«nt$9iNM«l ^tii lirdrodüoric acid is 
Wl «)^H ^)|^ in lW tllA«i>^ In yr e « <»ot «t" Vamm tlie stiootia reaction 
*!h\\w^ \M^\y u)HMi f)^ t^r$( ittfrvxivK^ic« of üh^ staiple nKnstened with 
V.TttiNH'^Ku^'» ««nkl int^ tV i^a«h^ TW ««rwiiwi ^y«<i— > is diown in 
1W^« L ll coikliMiM A hhsiImc ^ «slMMscisraik ÜMi^ mon opedsl^ 
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tbe orange line a, the red linen ß and y, and the blne line ^, which latter 
is more particularly soited for the detection of stroutia in presence of 
Urne. 

8. Sulphate of strontia is oompletely decomposed by continiied diges- 
tion with Solutions of earboncUe of ammonia or of bicaröancUes of th$ 
alkaHeSf bnt mach more rapidly by boiling with a Solution of 1 part 
of carboncUe of potasaa and 3 paHa of siUphcUe of poUMsa (easential dif- 
ferenoe between sulphate of strontia and sulphate of barjta). 

§ 97. 
€. Limb (CaO). 

1. Lnfs and its htdrats and salts present in their general properties 
and reaotions, a great similarity to baryta and strontia and their cor- 
responding Compounds. Hydrate of lime is far more difficultly soluble 
in water than the hydrates of baryta and strontia ; it dissolves also more 
sparingly in hot than in cold water. Hydrate of lime loses its water 
apon ignition. Chloride of calcium and nitrate of lime are soluble in 
absolute aloohol and deliquesce in the air. 

2. Ammonia, potasaa, carbonates ofthe alkcUieSf and phoaphate of aoda 
fihow nearly the same reactions with salts of lime as with salts of baryta. 
Keoentiy precipitated cabbomatb of limb (CaO, CO,) is bulky and 
amorphous — after a time, and immediately upon application of heat, it 
falls down and assumes a orystalline form. Keoentiy precipitated car- 
bonate of lime dissolves pretty readily in Solution of chloride of ammo- 
nium; but the Solution speedily becomes turbid, and deposits the 
greater part of the dissolved salt in form of crystals. 

3. Sidphuric add and sidphate of aoda produce immediately in highly 
oonoentrated Solutions of lime white preoipitates of sulphate of LiJfE 
(GaO, 80^ HO + aq.), which redissolve completely in a large proportion 
of water, and are still &r more soluble in acids. In less concentrated 
eolutions the preoipitates are formed only after the lapse of some time ; 
«nd no precipitation whatever takes place in dilute Solutions. Solution 
of sulphate of lime of course cannot produce a precipitate in salts of 
lime ; but even a cold saturated Solution of sulphate of potassa, mixed 
with 3 parts of water, produces a precipitate only after standing from 
twelTe to twenty-four hours. In solutions of lime which are so yery 
dilaie that sulphuric acid has no apparent action on them, a precipitate 
wül immediately form upon addition of alcohol. 

4. Hyiiro/kumlicic acid does not precipitate salts of lime. 

6. Oxalate qf ammonia produces in solutions of lime a white pulverulent 
precipitate of Oxalate of lime. If the fluids are in any degree con- 
oentnited or bot, the precipitate (2 CaO, C^ O, + 2 aq.) forms at once ; but 
if they are yery dilute and cold, it forms only after some time, in which 
latier oaae it is more di&tinctly crystalline and consists of a mixture of 
the above salt with 2 CaO, 0^0. + 6 aq. Oxalate of lime dissolves 
readily in hydrochlorio and nitric acids ; but acetio and oxalic acids £eu1 
to dissolve it to any peroeptible extent. 

6. Soluble salts of lime when heated with dilute apirii oftoina impart 
to tiie flame of the latter a tellowish-red color, which is liable to 
be oonfi>iiiided with that commnnicated to the flame of aloohol by salti 
of itroBtkk 
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7. If salts of lime are beld in the hottest part of BunserCa gasßafM, 
or in the inner gpiriihlouhjnpe ßame, they impart to the flame a ykl- 
LOWiSH-RED color. This reaction is the most distinct with chloride of 
calcium ; snlphate of lime shows it only after its incipient oonversioQ 
into baaio salt, and carbonate of lime also most distinctlj afber the 
escape of the oarbonic acid. Compounds of lime with fixed acids do 
not color flame ; thoee of them which are decomposed bj hydrochloric 
acid will, however, show the reaction after moistening with that acid. 
The reaction is in such cases promoted bj flattening the loop of the 
platinum wire, placing a small portion of the lime Compound upon it» 
letting it frit, adding a drop of hydrochloric acid, which remains hanging 
to the loop, and then holding the latter in the hottest part of the flame. 
The reaction shows now the most distinct light immediately upon the dis- 
appearance of the drop, which in this process, as in Lkidekfrost's phe- 
nomenon, evaporatea without boiling (Bunsen). Viewed through the 
grmn glass, the lime coloration of the flame appears finch-green colored on 
letting the sample moistened with hydrochloric acid spirt in the flame 
(differenoe between lime and strontia, which latter substanoe under 
aimilar ciroumstances shows a yerj &int yellow) (Merz). In presenoe 
of baryta the lime reaction shows only upon the first introduotion of 
the sample into the flame. The lime apedrum is shown in Table I. 
The intensely green line ß is more partioularly characteristie, also the 
intensely orange line o. It requires a very good apparatus to show 
the iudigo-blue line to the right of G in the solar spectrum, as this is 
much less luminous than the other lines. 

8. With monocarbonates and bicarbonates of the alkalies, sulphate of 
lime shows the same reaocions as sulphate of strontia. 

§ 98. 
cL Magnesia (MgO). 

1. Magnesia and its htdrate are white powders of fiir greater bnlti 
than the other alkaline earths and their hydratea. Magnesia ana 
hvdrate of maguesia are nearly iusoluble both in cold and hot watec 
Hydrate of maguesia loses its water upon ignition. 

2. Some of the salts of xagnbsia are soluble in water, others are 
Insoluble in that fluid. The soluble salts of maguesia haye a nauseoas 
bitter ta»te ; in the neutral State they do not alter vegetable colors ; 
with the exception of sulphate of maguesia, they undergo deoomposition 
when gently ignited, and the gi*eater part of them even upon simple 
evaporatiou of their Solutions. Nearly all the salts of maguesia which 
are insoluble in water dissolve readily in hydrochloric add. 

3. Ämtnania throws down from the Solutions of neutral salts of mag- 
nesia part of the magnesia as hydrate (MgO, HO) iu the form of a 
white bulky precipitate. The rest of the magnesia remains in 8oluti<m 
as a double salt, viz., in combination with the ammonia salt which forma 
upon the deoomposition of the salt of magnesia ; these double salts are 
not decomposed by ammonia. It is owing to this tendenoy of salts of 
magnesia to form such double salts with ammoniacal Compounds that 
ammonia fails to precipitate them in presence of a sufficient proporüon 
of an ammonia salt with neutral reaction ; or, what oomes to the same, 
that ammonia produoes no precipitate in Solutions of magnesia oontain? 
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ing a sofficieiit qnantity of free acid, and that preoipitaies produced by 
ammonia in neutral Solutions of magnesia are redissolved upon the 
addition of Chloride of ammonium. 

4. Foicuaa, soda, eaustic haryta, and caustic Urne, throw down from 
Solutions of magnesia htdrate of magnesia. The Separation of this 
precipitate is greatly promoted by boiling the mixture. Chloride of 
ammonium and other similar salts of ammonia redissolve the washed 
preoipitated hydrate of magnesicu If the salts of ammonia are added 
in sufficient quantity to the Solution of magnesia before the addi- 
tion of the precipitant, small quantities of the latter &il altogether to 
produce a precipitate. However, upon boiling the Solution afterwards 
with an excess of potassa» the precipitate will of course make its appear* 
anoe, since this process oauses the decomposition of the ammonia salt, 
remoFing thus the agent which retains the hydrate of magnesia in 
Solution. 

5. CarbonaU qfpotasaa and carbonate of soda produce in neutral Solu- 
tions of magnesia a white precipitate of basig garbonate of magnesia 
4 (Mg O, CO,) + Mg O, HO + 10 aq. One-fijfth of the carbonio acid of 
the decomposed alkaliue carbonate is liberated in the process, and 
oombines with a portion of the carbonate of magnesia to bicarbonate, 
which remains in Solution. This carbonic acid is expelled by boiling, 
and an additional precipitate formed (Mg O, C O, + 3 aq.) Application 
of heat therefore promotes the Separation and increases the quantity of 
the precipitate. Chloride of ammouium and other similar salts of 
ammonia prevent this precipitation also, and redissolve the precipitates 
already formed. 

6. If Solutions of magnesia are mixed with carbonate of ofntnonia, 
the fluid always remains clear at first ; but afber stand ing some time, it 
depositsy more or less quickly or slowly accoixling to the greater or less 
oonoentration or dilution of the Solution, a crystalline precipitate of 

CABBONATE OF MAGNESIA AND AMMONIA (NH^O, CO, + MgO, C0,+ 

4 aq.) In rather highly dilute Solutions this precipitate will not form. 
Addition of ammonia promotes its Separation. Chloride of ammonium 
oonnteracts it, but it cannot prevent the formation of the precipitate in 
rather highly ooncentrated Solutions. 

7. Phosphate of aoda precipitates firom Solutions of magnesia, if they 
are not too dilute, Phosphate of magnesia (2 Mg O, HO, PO^, + 14 aq.) 
aa a white powder. Upon boiling, basic phosphate of magnesia (3 Mg O, 
PO, + 7 aq.) separates, even from rather dilute Solutions. But if the 
addition of the precipitant is preceded by that of chloride of ammonium 
and ammonia, a white crystalline precipitate of basio Phosphate of 
ifAGHBSiA AMD AMMONIA (2 MgO, N H^O, PO, + 12 aq.) will separate 
even from very dilute Solutions of magnesia; its Separation may be 
greatly promoted and accelerated by stirring with a glass rod; even 
shonld the Solution be so extremely dilute as to* forbid the formation of 
a precipitate, yet the lines of direction in which the glass rod has moved 
along the side of the vessel will after tbe lapse of some time appear 
distinody as white streaks. Water and Solutions of salts of ammonia 
dissolre the precipitate but very slightly ; but it is readily soluble in 
actdsy even in acetic acid. In water containing ammonia it may be 
ooDsidered insoluble. 

8. OxalaU of ammoma produoes no precipitate in highly dilute sola« 
tkniaof magnesia; in less dilute Solutions no precipitate ia formed at 
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fini, bnt afier standing some time crystalline crosts of varioos Oxalates 
of ammonia and magnesia make their appearanoe. In higblj oonoentrated 
Solutions Oxalate of ammonia yery speedily produces precipitates of 
Oxalate of magnesia (2MgO, C^O, + 4aq.), whioh contain small qnanti- 
ües of the above-named doable salts. Chloride of ammoniam, especiallj 
in presence of free ammonia, interferes witb the formation of tbese pre- 
cipitates, but will not in general absolutely prevent it 

9. Sulphuric acid and hydrqfluosüicic aicid do not precipitate salts of 
magnesia. 

10. Salts of magnesia do not color flame. 

§99. 

RecapUulatxon and remarks. — The difficolt solnbility of tbe bydrate of 
magnesia, the ready solubility of the salphate, and the disposition of salts 
of magnesia to form double «ilts with ammonia Compounds, are the three 
principal points in which magnesia differs from the other alkaline earths. 
To detect magnesia in Solutions containing all the alkaline earths, we 
always first remove the baryta, strontia, and lime. This is effected most 
eonveniently by means of carbonate of ammonia, with addition of some 
ammonia and of chloride of ammonium, and applioation of heat ; sinoe 
by tliis process the baryta, strontia, and lime are obtained in a form of 
combination suited for further examination. If the Solutions are some- 
what dilute, and the precipitated fluid is quickly filtered, the carbonate 
of baryta, strontia, and lime is obtained on the filter, whilst the whole of 
the magnesia is found in the filtrate. But os chloride of ammonium 
dissolves a little carbonate of baryta, and also a little carbonate of lime, 
though much lese of the latter than of the former, trifling quantities of 
these bases are fouud in the filtrate ; nay, where only traces of them are 
present, they may altogether remain in Solution. In aocnrate experi- 
ments, therefore, the Separation is effected in the foUowing way : Diyide 
the filtrate into three portions, test one portion with dilute sulphurio 
acid for the trace of baryta which it may contain in Solution, and another 
portion with Oxalate of ammonium for the minute trace of lime which 
may have remained in Solution. If the two reagents produce no turbidity 
even after some time, test the third portion with phosphate of soda for 
magnesia. But if one of the reagents causes turbidity, filter tbe fluid 
from the gradually subsiding precipitate, and test the filtrate for mag« 
nesia. Should both reagents produce precipitates, mix the two first por> 
tions together, filter after some time, and then test the filtrate to make 
sure that the precipitate thrown down by Oxalate of ammonia is 
aotually Oxalate of Ume, and not, as it may be, Oxalate of magnesia and 
ammonia, dissolve it in some hydrochloric acid, and add dilute sulphurio 
acid, and then spirit of wine. 

To show the ])resence of the baryta, strontia, and lime in the precipi- 
tate produced by carbonate of ammonia, dissolve the precipitate in soip^ 
dilute hydrochloric acid ; add Solution of gypsum to a small portion of 
this Solution, when the immediate formation of a precipitate will prov6 
the presence of baryta. Evaporate the remainder of the hydrochlorio 
acid Solution to dryness, and treat the residue with absolute alcohol« 
which will dissolve the chloride of Strontium and the chloride of calcium) 
leaving the greater part of the chloride of barium undissolved. Mix tbe 
akoholic Solution with an equal volume of water and a few drops ot 
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IjdroflaoBilioio aoid, and Ict the mixture stand seyeral honm, when tbe 
last traoes of the baryta present will be found precipitated as silicofla- 
oride of bariom. Filter, and add sulphuric acid to the alooholic filtrate. 
This will throw down the strontia and the lime. Filter the fluid from 
the precipitate^ wash with weak spirit of wine, and convert the sulphates 
into carbonates by boiling with Solution of carbonate of soda. Wash the 
carbonates, dissolve them in a small quantitj of hjdrochloric acid, evapo- 
rate the Solution to dryness, diasolve the residue in a very little water, 
and divide the Solution into two portions, after previous flltration if 
necessary. Mix the one portion with Solution of gypsum. The formation 
of a precipitate after some time, often only after a considerable time, shows 
the presence of strontia. To remoyethe latter earth from the otherportion, 
mix this with a Solution of sulphate of potassa, boil, filter, and test the 
filtrate with Oxalate of ammonia for lihe. If much lime is present, a 
portion of it may fall down with the sulphate of strontia precipitate pro- 
duced by sulphate of potassa ; bnt there always remains sufficient of it 
in Solution to permit its positive detection in the filtrate without diffi- 
colty. Tbe best and most convenient way of efiectitig the detection of 
the alkaline earths in their phosphates, is to decompose these latter by 
means of sesquichloride of iron, with addition of acetate of soda (§ 142)« 
The Oxalates of the alkaline earths are converted into carbonates by 
ignition, preparatory to the detection of the several earths which they 
may oontain. The following method will serve to analyse mixtures of 
the sulphates of the alkaline earths. Extract the mixture under exami* 
nation with small portions of boiling water. The Solution contains the 
vhole of the sulphate of magnesia, besides a trifling quantity of sulphate 
of lime. Digest the residue, according to H. Ko8e*8 direction, in the 
oold for 12 hours, with a Solution of carbonate of ammonia, or boil it 10 
minutea with a Solution of 1 part of carbonate and 3 parts of sulphate of 
potassa, filter, wash, then treat with dilute hydrochloric acid, which will 
dissolve the carbonates of strontia and lime formed, but always also a 
minute trace of baryta (Fresenius), leaving behind the undecomposed 
sulphate of baryta. The latter may then be decomposed by fusion with 
carbonates of the alkalies. The Solutions obtained are to be examined 
farther according to the above directious. 

The detection of baryta, strontia, and lime in the moist way is very 
instmotiye, but also rather laborious and tedious. By means of the 
•pectral apparatus these alkaline earths are much more readily detected, 
even when present all three together. According to the nature of the 
acid, the sample is either introduced at once into the fiame, or after pre* 
tIous ignition and moistening with hydrochloric acid. To detect very 
minute quantities of baryta and strontia in presence of large quantities 
of lime, ignite a few grammes of the mixed carbonates a few minutes in 
a platinum crucible strongly over the blast,* extract the ignited mass by 
boiling with a little distilled water, evaporate with hydrochloric acid to 
drynesfl, and examine the residue by spectrum analysis (Enoelbach). 
Bat even without a spectrum apparatus the three alkaline earths may be 
detected in mixtures containing all three of thera by the diflTerent colorar 
tion which they severally impart to fiame. To this end the sample under 
6xamination is repeatedly moisteued with sulphuric acid, then cautiously 

• The ctfbonates of baryta and itrontia are much more readily reduced to the 
iaiwtie State in this prooess than would be the case in the absence of carbonate of 

"iOM. 
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dried, mnd introdooed into the fosioa aone of the gas flame. After the 
en^MNrmtioo of the alkmliei that maj diance to be funeaeiit, the baiyta 
ooloratioD (§ 95, 10) will make its appearaoce alone. After this colora- 
üoa has completelj diaappeared, and the sample moistened with hydro- 
diloric seid giTt» on spirtiog no lotiger a flame coloiation of a bluish- 
green tint when Tiewed throogh the green glaas, the sample is motstened 
again with hjdrochlorie add, and tested for lime bj Tiewing it throagh 
the green glass when qmting (§ 97, 7), for strontia bj viewiog it 
linder the same cireamslanoes throogh the Une glass (§ 96, 7) (Msbz). 

§100. 

THIRD GBOUP. 

More common oxides of the third groop : — AmimrA, Sbsquioxidk Of 
Cbbomiuil 

Rarar oxides of the third gronp : — ^Bketlla, Thoria, Zibooxia, Tttria, 
Oxide of Terbiuv and Oiidb dp fisBiUM, Oxides dp Cerium, Oxide op 
Lanthakium, Oxide dp Didtioum, Titavic Acxd, Tantalic Acid, Ht- 
romoBic Acnx 

Fropertiei of tke group. — The oxides of the third gronp are insolable 
in water, both in the pore State and as hydrates. Their solphides 
oannot be prodaoed in the meist waj. Hjdrosnlphurio acid therefore 
fiiils to precipitate the solations of their salts. Sulphide of ammoniam 
throws down, from the solatious of the salts in which the oxides of the 
third group constitate the base,* in the same waj as ammonia, the 
hjdrated oxides. This reaction with sulphide of ammonium distin- 
guishes the oxides of the third from thoee of the two preoeding groups. 



Special Beactioiu of the more commtan Oxides o/the third group. 

§ 101. 

O. AUTMIKA (A1,0J. 

1. Aluminium metal is nearlj white. It is not oxidized hj the 
action of the air, in compact masaes not even upon ignition. It maj be 
filed, and is very ductile ; its specific gravity is only 2*56. It is fusible 
at a bright red heat. In the pulveruleni form it slowlj deoomposes 
water at a boiling heat ; the compact metal does not show this reaction. 
Aluminium diasoWes readily in hydrochlorio acid, as well as in bot 
Solution of potassa, with evolution of hydrogen. Nitrio acid dissolves it 
only slowly, even with the aid of heat 

2. A LUMINA is non-Yolatile and colorless ; the hydrate is also color- 
less. Alumina dissolves in dilute acids slowly and with very great 
diffioulty, but more readily in concentrated bot hydrochloric acid. In 

♦ The oxid«t of the third froup may nearly »U of them oombine to saline com- 
pouDdt with acida m weU m with Uaes; aluminA, for instance, conibinet with 
potaasa to aluminate of potassa, with salpburic acid to sulphate of alamina. The 
*^.*o ^Vl^^ ^"^ 8TOup stand, accordingly, partly on the verge between l>asea aod 
•cids. Those which indine more to the latter, aa ia the caae with the three last 
membera of the group, are therefore alao called ^ d a. 
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fosing bisulpbate of potassa, it dissolFes readily to a mass sohible in 
water. The hydrate in the amorphous condition is readily soluble in 
acids; in the crystalline State it dissolves in them with verj great 
difficultj. After previous ignition with alkalies, the alumina, or, inore 
oorrectly speaking, the alkaline aluminate formed, is readily dissolved 
by acids. 

3. The 8ALT8 OF ALUHiNA are colorless and non-volatile ; some of 
them are soluble, others insoluble. The solnble salts have a sweetish 
astringent taste, redden litmus-paper, and lose their aoid upon ignition. 
The insoluble salts are dissolveil by hydrochloric acid, with the excep- 
tion of certain natiye Compounds of alumina ; the Compounds of alumina 
which are insoluble in hydrochloric acid are decomposed and made 
soluble by ignition with carbonate of soda and potassa, or bisulphide of 
potassa. This decomposition and Solution may, howeyer, be effected 
also by heating them, reduced to a fine powder, with hydrochloric acid 
of 25 per cent, or with a mixture of 3 parts by weight of hydrated 
sulphuric acid, and 1 part by weight of water, in sealed glass tubes, to 
392° — 410° Fahrenheit, continuing the Operation for two hours (A. 
Mitscheruch). 

4. Potctasa and 9oda throw down from Solutions of alumina salts a 
bulky precipitate of htdrate of alumika (A1,0,,3H0), which contains 
alkali and generally also an admixture of basic salt ; this precipitate 
redissolves readily and completely in an excess of the precipitant, but 
from this Solution it is reprecipitated by addition of chloride of ammo- 
nium, even in the cold, but more completely upon application of heat 
(compare § 53). The presence of salts of ammonia does nut prevent the 
precipitation by potassa or soda. 

5. Ammonia also produoes in Solutions of alumina a precipitate of 
HYDRATE OF ALUMINA, which contains ammonia and an admixture of 
basic Salt ; this precipitate also redissolves in a very considerable excess 
of the precipitant, but with difficulty only, which is the greater the larger 
the quantity of salts of ammonia contained in the Solution. It is this 
deportment which accounts for the complete precipitation of hydrate of 
alumina from Solution in potassa by an excess of chloride of ammonium. 

6. Ccbfianates ofthe alkalies precipitate basio carbonate of alumina^ 
which is insoluble or barely soluble in an excess of the precipitant 

7. If the Solution of a salt of alumina is digested with finely pulverized 
earboTuUe ofharyia^ the greater part of the acid of the alumina salt Com- 
bines with the baryta, the liberated carbonic acid escapes, and the alumina 
precipitates completely as htdrate mixed with basio salt of alumina ; 
even digestion in the cold suffices to produce this reaction. 

8. If alumina or one of its Compounds is ignited upon charcoal before 
ihe blowpipe, and afberwards moistened with a Solution of niircUe of 
proiaxide qfeobalt, and then again strongly ignited, an unfused mass of 
a deep skt-blue color is produced, which consitits of a Compound of the 
two Oxides. The blue color becomes distinct only upon cooling. By 
candlelight it appears violet. This reaction is decisive only in the case 
of infusible or dijQicultly fusible Compounds of alumina pretty free from 
other Oxides, as Solution of cobalt will often impart a blue tint to readily 
fosible salts, even though no alumina be present. 



ii sssqmoxiDB op chboihüm. 

§ 102. 
h. Sbsquioxidb of Chboxium (Cr,OJ. 

1. SisQUioxiDE OP CHBOMIUM is a green, its htdratb a bluish gray- 
green powder. The hjdrate dissolves readily in acids ; the non-ignited 
aeaquioxide diaeolTes more difScoltly, and the ignited sesqoioxide is almost 
altc^ther inacduble. 

S. The 8ALTS OP 8X8QÜIOXII» OP CHBOMIUM have a green er violet color. 
Many of them are aoluble in water. Moet of them dissolve in hjdro- 
ehloric acid. The Solutions nsoallj exhibit a fine green or a dark violet 
eolor, which latter, howeyer, changes to green upon heating. The salts 
of sesquioxide of chromiam with volatile acids are decompoeed upon 
ignition, the acids being expelled. The salts of sesquioxide of chromium 
which are soluble in water redden litmua Anhjdrous sesquichloride of 
ehromium is crystalline, violet-colored, insoluble in water and in acids, 
and Tolatilins with difficultj. 

3. FotasM atid 9oda produoe in the green as well as in the violet 
Solutions of salts of sesquioxide of chromium a bluish-green precipitate 
of BYDRATB OP SBSQUIOXIDB OP CHBOMIUM, which dissolves readüj and 
oompletely in an exeees of the prectpitant, imparting to the fluid an 
emerald-green tint. Upon long-continued ebullition of this Solution, the 
whole of the hjdrated sesquioxide separates again, and the supematant 
fluid appears perfectly colorlesa. The same reprecipitation takes place if 
ehloride of ammonium is added to the alkaline soluti(HL Application of 
heat promotes the Separation of the precipitate. 

4. Ämnumia prodoces in green Solutions of salts of sesquioxide of 
chromium a grayish-green, in violet Solutions a grayish-blue precipitate of 
BTDRATB OP SESQUIOXIDE OP CHROMIUM. The former precipitate dissolves 
in acids to a green fluid, the latter to a violet fluid. Other ciroumstanoes 
(concentration, way of adding the ammonia, drc) exercise also some 
influenoe upon the composition and color of these hydrates. A small 
portion of the hydrates redissolves in an excess of the precipitant in the 
odd, iDiparting to the fluid a peach-blossom red tint ; but if after the 
addition of ammonia in excess heat is applied to the mixture the pre- 
oipitation is complete. 

5. Carbonaiea qf tAe oHalUt precipitate basic cabbokatb op sesqui- 
oxide op CHROMIUM, which redissolves in a large excess of the precipitant 

6. (MrbonaU ^ baryia precipitate« firom Solutions of sesquioxide of 
chromium the whole of the sesquioxide as a oeeenish htdbatb mixed 
with BASIC SALT. The precipitation takes place in the oold, but is com« 
plete only afler long-continued digestion. 

7* If a Solution of sesquioxide Z£ chromium in Solution of potassa or 
aodais mixed with some brown /wroücuie ^ l!ea</ in excess, and the mixtuie 
is boiled a short time, the sesquioxide of chromium is oxidused to ohromio 
aoid. A yellow fluid is therefore obtained on filtering, which oonsists of 
a Solution of chbomatk op oxide op lead in Solution of potassa or soda. 
Upon acidifying this fluid with acetic seid, the Chromate of lead separates 
as a yellow precipitate (ChakcelV. Very minute «»ces of chromic add 
mav be detecteil in this fluid with still graiter certainty by acidifying 
with hydrochloric acid, and bringing it in ccmtact with peroxide of 
hydrogen and ether. Compare chromio acid (§ 138). 

d The fiision of sesquioxide of chromiam or of any of its Compounds 
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witb nür€Ue ofaoda and carbancUe of soda giyes rise to the formation of 
yellow CHROMATE OF SODA, part of the oxygen of the nitric acid sepa- 
rating from the nitrate of soda and Converting the sesquioxide of chro- 
mium iuto chromic acid, which then combines with the soda. Chromate 
of soda dissolves in water to an intensely jellow fluid. For the reactions 
of chromic acid see § 138. 

9. Phosphate of soda and ammonia dissolves sesqoiojcide of ohrominm 
and its salta, both in the oxidizing and reducing flame of the blowpipe, 
to olear beads of a faint tellowish-oreex tint, which upon cooling 
changes to emjcrald-orebn. The sesquioxide of chromium and its salts 
show a similar reaction with hiborale of soda, Bunsen*s gasßame (§ 14) 
is used for the experiment, or the blowpipe flame. 

§103. 

Eecapihdaiion amd remarks. — The solubilitj of hydrate of alumina in 
Solutions of potassa and soda, and its reprecipitation fram the alkaline 
Solutions bj chloride of ammonium, afibrd a safe means of detecting 
alumina in the absence of sesquioxide of chromium. £ut if the latter 
substance is present, which is seen either bj the color of the Solution, 6t 
hy the reaction with phosphate of soda and ammonia, it must be removed 
before alumina can be tested for. The Separation of sesquioxide of chro« 
mium from alumina is eflected the most completely bj fusing 1 part of 
the mixed oxides together with 2 parts of carbonate and 2 parts of 
nitrate of soda, which maj be done in a platinum crucible. The yellow 
xnass obtained is boiled with water ; by this process the whole of the 
chromium is dissolved as Chromate of soda, and part of the alumina as 
aluminate of soda, the rest of the alumina remaining undissolved. If 
tbe Solution is acidified with nitric acid, it acquires a reddish-yellow 
tint ; if ammonia is then added to feebly alkaline reaction, the dissolved 
portion of the alumina separates. 

The precipitation of sesquioxide of chromium eflected by boiling its 
Solution in Solution of potassa or soda is also sufficiently reliable if the 
ebullition is continued long enough ; still it is often liable to mislead in 
cases where only little sesquioxide of chromium is present, or where the 
Solution contains organic matter, even though in small proportion only. 
I have to call attention here to the fact that the solubility of hydrated 
sesquioxide of chromium in an excess of cold Solution of potassa or soda 
is considerably impaired by the presence of other oxides (protoxides of 
manganese, nickel, cobalt, and more particularly sesquioxide of iron). 
If these oxides happen to be present in preponderating proportion, 
tbese may even altogether preveut the Solution of the hydrated sesqui- 
oxide of chromium in potassa or soda Solution. Tbis circumstance should 
never l>e lost sight of in the analysis of Compounds coutaining sesquioxide 
of chromium. Lastly, it must be borne in mind also that alkalies pro- 
dace no predpitates in the Solutions of alumina if non-volatile organic 
substances are present, such as sugar, tartaric acid, <&a The precipitation 
of sesquioxide of chromium by alkalies is more especially impeded and 
coonteracted by the presence of organic acids (oxalic acid, tartaric acid, 
acetic acid), owing to the formation of double salts which the alkalies 
fall to decompose. If organic substances are present therefore, ignite, 
faae the residne with carbonate and nitrate of soda» and proceed as 
directed before» 
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Special JUaetiom of the rarer Oxidet of the third group, 

§104. 

1. BSRTLLA (Be, Og). 

Berylla ib a rare earth found in the form of a Silicate in phenacite, and, with other 
rilicates, in beryl, euclase, and some other rare minerals. It is a white tasteless 
powder insoluble in water. The ignited earth dissolves slowly but completely in acids; 
it is readily soluble after furion with bisalphate of potaasa. The hydrate dissolyes 
readily in acids. The Compounds of berylla very much resemble the alumina Com- 
pounds. The soluble berylla salts have a sweet astringent taste ; their reaction is alka- 
une. The natiye Silicates of berylla are completely decomposed by fluxin^ with 4 
parts of carbonate of soda and potassa. Potaua^ todot ammofUaf and Muphide of 
amtnonium throw down from Solution of berylla salts a white flocculent hydrate, whidi 
is insoluble in ammonia, but dissolves readily in Solution of potassa er soda, from 
which Solution it is precipitated again by chloride of ammonium ; the concentrated 
alkaline Solutions remain clear on iMiling, but from more dilute alkaline Solutions the 
whole of the berylla separates upon continued ebullition (difference between berylla 
and alumina). U|x>n continued ebullition with chloride of ammonium, the freehly 
precipitated hydrate dissolves as chloride of beryllium, with expulsion of ammonia 
(difference between berylla and alumina). Carbonaies of the alkaliet predpitate white 
carbonate of berylla, which redissolves in a great ezcess of the carbonates of the fixed 
alkalies, and in a much less conriderable excess of carbonate of ammonia (most charac* 
teristic difference between berylla and alumina). Upon boiling these Solutions basic 
carbonate of berylla separates, readily and completely from the Solution in carbonate 
of ammonia, but only upon dilution and imperfeotly from the Solutions in carbonates 
of the fixed alkalies. Carbonate of baryia precipitates berylla inoompletely upon oold 
digestion, completely upon boiling. Oxalic aeid and Oxalates do not precipitate berylla. 
Moistened with Solution of nitrate of protoxide of cobalt, the berylla Compounds give 
gray masses upon ignition. 

2. TBOBiA(ThO). 

Thoria is a very rare earth found in thorite and monacite. It is white. The ignited 
earth is soluble only upon heating with a mixture of 1 part of concentrated sulphuric 
acid and 1 part of water ; but it is not soluble in other acids, not even after fusion 
with alkalies. The meist hydrate dissolves readily in acids, the dried hydrate only 
with difficulty. Thorite (Silicate of thoria) is decomposed by concentrated hydrochlorio 
acid. Potaesa, amm^mia, and eidphide of ammonium precipitate from Solutions of 
thoria salts white hydrate, which is insoluble in an excess of the precipitant, even of 
putassa (difference between thoria and berylla). Carbonate of potatsa and carbonaie 
of ammonia precipitate basic carbonate of thoria, which readily dissolves in an excess 
of the precipitant in concentrated Solutions, with difficulty in dilute Solutions (dif- 
ference between thoria and alumina). From the Solution in carbonate of ammonia 
basic Salt separates again even at 122** Fahrenheit. Oxalic acid produces a white 
precipitate (difference between thoria and berylla and alumina) ; the precipitate does 
not dissolve in oxalic acid, and barely in other acids. A concentrated Solution of 
Bulphate of potassa precipitates thoria Solutions, slowly but completely (difference 
between thoria and alumina and berylla). The precipitate, which is sulphate of thoria 
and potassa, is insoluble in a concentrated Solution of sulphate of potassa ; it dissolves 
slowly in cold water, readily in hot water. The Solution deposits basic salt upon con- 
tinued boUing. 

3. ZiBCONiA (Zr, 0,). 

Found in adrcon and some other rare minerals. A white powder insoluble in bydro- 
chloric acid, soluble upon addition of wator, after continued heating with a mixture of 
2 parts of hydrated sulphuric acid and 1 part of water. The hydrate resembles 
hydrate of alumina. It dissolves readily in hydrochlorio acid when precipitated oold, 
and still moist, but with difficulty only when precipitated bot, or after drying. The 
zirconia salts soluble in water redden litmus. The native Silicates of zirconia may be 
decomposed by fusion with carbonate of soda. The finely elutriated Silicate is fused 
at a high temperature, together with 4 parts of carbonate of soda. The fiised maas 
gives to water Silicate of soda, a sandy zirconate of soda being left behind, which is 
washed, and dissolves in hydrochlorio acid. ^ Potassa, soda, ammonia, and sulphieU of 
ammonium precipitate from Solutions of zirconia salts a flocculent hydrate, which is 
insoluble in an excess of the precipitant, even of soda and potassa (difference between 
zirconia and alumina and berylla), and is not dissolved even by boiling aolutioQ of 
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Chloride of ammonimn (difference beiween Eiroonia and berylU). Carbonatet of poUusa, 
todoj »od amfMmia, throw down carbonate of zirconia as a floccalent precipifeate, which 
rediasolyes in a laige exoeit of carbonate of potassa, more readily m bicarbonate of 
potana, and mo«t readily in carbonate of amroonia (difference between zirconia and 
alumina), from which Solution it preoipitates again on boiling. Oxalic acid produces 
a bnlky precipitate of Oxalate of zirconia (difference between zirconia and alumina and 
berylla), which is insoluble in oxalic acid, difficultly soluble in hydrochloric acid. A 
concentrated Solution of tulpliaU of potaua speedily produces a white precipitate of 
Bulphate of nrconia and potassa (difference between zirconia and alumina and berylla), 
which — ^if precipitated oold— dissolves readily in a larg^ proportion of hydrochlorio 
add, bat is almost absolutely insoluble in water and in hydrochloric acid if precipi- 
tated bot ^diflferenöe between zirconia and thoria). CarboncUe of baryta faib to effect 
complete precipitation in Solutions of zirconia salts, even upon boiling. Turmerie 
paper dipped into Solutions of zirconia salts slightly acidified with hydrochloric or 
snlphuric acid, aoquires a reddish-brown color after diying (difference between zirconia 
aad thoria). 

4. Yttbia (YO). 

Tttria it a rare earth found in gadolinite, orthfte, jrttro-tantalite. The ignited 
eartb dissolves readily in hydrochloric acid (difference between yttria and zirconia and 
alnmina). In the pure State it is white ; presence of oxides of erbium and terbium 
imparts a brownish-yellow tint to it. The hydrate is white ; it attracts carbonic acid ; if 
freshly precipitated, it dissolTes in boiling Solution of chloride of ammonium (difference 
between yttria and alumina and zirconia). The salts are white, with a slight shade of 
amethyst red. Anhydrous chloride of y ttrium is not rolatile (difference between yttria 
and alumina, berylla» thoria, and zirconia). PoUuaa precipitate» white hydrate, which 
IS insoluble in an ezcess of the precipitant (difference between yttria and alumina and 
berylla). Ammonia and sulpkide oj ammanivm produce the same reaction. Preaence 
of a small quantity of chloride of ammoniimi will not prevent the precipitation by sul- 
phide of ammonium ; but in presence of a large excess of chloride of ammonium sul- 
phide of ammonium fails to precipitate solutioos of salts of yttria. CarhowxXt» of the 
aflbaZtct produce a white precipitate, which dissolves with difficulty in carbonate of 
potassa, but more readily in bicarbonate of potassa and in carbonate of ammonia, 
thongfa by no means so readily as the corresponding berylla precipitate. The Solution 
of the pure hydrate in carbonate of ammonia deposits on boiling the wholeof the yttria ; 
if chloride of ammonium is present at the same time, this is decomposed upon continued 
heating, with Separation of ammonia, and the precipitated yttria redissolves as chloride 
of yttrium. Saturated Solutions of carbonate of yttria in carbonate of ammonia have 
atendenoy to deposit carbonate of yttria and ammonia, which should be bome in mind. 
OsBolie aeid produces a white precipitate (difference between yttria and alumina and 
berrlla). The precipitate does not dissolve in oxalic acid, but it dissolves in hydrochloric 
acid. S»lpheUe of potcuta precipitates sulpbate of yttria and potassa. The precipi- 
tate, even if thrown down bot, dissolves, though slowly, in a large proportion of water 
(difference between yttria and zirconia) ; it diasolves a little more readily in Solution of 
snlphate of potassa (difference between yttria and thoria), and still more readily m Solu- 
tion of ammonia sali. Carbonate of baryta produces no precipitate ; not even on boiling. 
Turmerie paper is not altered by acidified Solutions of salt of yttria (difference between 
yttria and zirconia). Tartaric acid does not interfere with the precipitation of yttria 
by alkalies (characteristic difference between yttria and alumina, berylla, thoria, and 
zirconia). The precipitate is tartrate of yttria. The precipitation ensues only after 
some time, but it is complete. 

5. OxiDB OF Tbbbixjm (TrO), and 6. Oxidk of Ebbiük (EO). 

These oxides are generally found associated with yttria. Upon gradual addition of 
ammonia to a Solution containing these three bases, the oxide of erbium precipitates 
first, the oxide of terbiam next, and the yttria last Ignited oxide of erbium varies 
from y^ow to orange- yellow. Oxide of terbium, which is not yet known in the pure 
State, appears to be white. We know as yet of no other reactions by which to separate 
these bases from yttria, or to distinguish between them and that earth. 

7. Oxides of Gbriux, 

Cerinm is a rare metal ; it is found in the form of protoxide in cerite, orthite^ &a 
It forms two oxides, Üie protoxide (CO) and the sesquioxide (CgO^). The hydrate of 
the protoxide ia white, out tums yellow upon exposure to the air, by absorption of 
ozygen. By ignition in the air it is converted into oranffe-red or red sesquioxide 
(difmoee between it and tiie preoeding earths). Hydrate of protoxide of cerium dis- 
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solves readily in aoidg. Ignited sesquiozide of cerium oontaiDing oxide of lanthaniam and 
didymium dissolves readily in hydrochlorio acid, with evolation of chlorine ; in the pure 
•täte it dissolves very sUghtly in boiling hydrochlorio acid, except upon addition of some 
alcohol (difference betweon oxide of cerium and thoria and zirconia) ; the Solution oon- 
tains protocbloride. The salts of protoxide of cerium are oolorieu^ oocasionally with a 
tlight shade of amethyst red ; the soluble protoxide salts redden litmus. Protöchloride 
of cerium is not volatile (difference from aliunina, berylla, thoria» and 2droonia). Cerite 
(hydrated Silicate of protoxide of cerium [CO, LaO, DiO] 2, SiOg + 2aq.) does not 
diflsolve in aqua regia ; but is deoompoged by fusion with carbonate of soda, and also 
by concentrated sulphuric acid. Potcusa precipitates white hydrate, which tums yellow 
in the air. and doee not dissolve in an ezcess of the precipitant (differenoe fit>m alumina 
»nd berylla). Ammonia precipitates basic salt, which is insoluble in an exceas of the 
precipitant. Carbonatea of the aUccUiet produoe a white predpitate, which dissolves 
ppariogly in an excess of carbonate of potassa, somewhat more readily in carbonate of 
ammonia. Oxalic acid produces a white predpitate; the precipitation is complete 
eyen in moderately acid Solutions (difference irom alumina and berylla). The precipitate 
is not dissolved by oxalic acid ; but it dissolves in a large proportion of hydrochlorio 
acid. A SHturated Solution of sulphate of potaua precipitates, even from somewhat 
aoid Solutions, white sulphate of potassa and protoxide of cerium (difference from 
alumina and berylla), which is very difficultly soluble in water and altogether insoluble 
in a saturated Solution of sulphate of potassa (difference from yttria). The precipitate 
may be dissolved by boiling with a larffe quantity of water, to which some hydrochlorio 
aoid has been added. Carbonate of baryta precipitates Solutions of cerium salts 
•lowly, but completely upon long*oontinued action. Tartaric acid prevents pre- 
cipitation bv ammonia (difference from yttria), but not by potassa. Borax and pkot- 
pkate of toaa and ammonia dissolve cerium Compound in the outer flame to red beads 
(difference from the preceding earths) ; the coloration gets fainter on cooling, and often 
disappears altogether. In the inner flame colorless beads are obtained. 

8. Oxide of Laitthakiüv. 

This oxide is generally found associated with protoxide of cerium. It is white and 
remains unaltered by ignition in the air (difference from protoxide of oerium). In 
contact with cold water it is slowly converted into a milk-white hydrate ; with bot 
water the conversion is rapid. The oxide and its hydrate change the oolor of roddened 
litmuB-paper to blue ; they dissolve in boiling Solution of chloride of ammonium, also 
in dilute acids. Oxide of lanthanium in this resembles magnesia. The salts of oxide 
of lanthanium are colorless ; the saturated Solution of sulphate of oxide of lanthanium 
in cold water deposits a portion of the salt already at 86 Fahrenheit (difference from 
protoxide of cerium). SulpJiate of potaua, oscalic acid, and carbonate of baryta givs 
the same reactions as with protoxide of cerium. Potasta precipitates hydrate, which 
is insoluble in an exoess of the precipitant, and does not tum brown in tiie air. 
Ammonia precipitates basic salts, which pass milky through the filter on washing. 
The precipitate produced by carbonate of ammonia is insoluble in an excess of the 
precipitant (difference from protoxide of cerium). If a cold saturated Solution of aoetata 
of oxide of lanthanium is supersaturated with ammonia, the slimy precipitate repeatedly 
washed with cold water, änd a little iodine in powder added, a blue coloration makes 
its appearance, which gradually pervades the entire mixture (characteristic differoioe 
between oxide of lanthanium and the other earths). 

9. OXTDE OF DiDTMIüU. 

This oxide, like the oxide of lanthanium and in conjunction with it, is found associated 
with the protoxide of cerium. After intense ignition it appears white, moistened with 
nitric aoid and feebly ignited dark brown, after intense ignition again white. In 
contact with water it is slowly converted into hydrate ; it rapidly attracts carbonie 
acid ; its reaction is not alkaline ; it dissolves readily in acids. The concentrated 
Solutions have a reddish or a faint violet color. The saturated Solution of the sulphais 
deposits salt, not at 86° Fahrenheit, but upon boiling. PotoMa precipitates hydrate, 
which is insoluble in an excess of the precipitant, and does not alter in the air. Am- 
monia precipitates basic salt, which is insoluble in ammonia, but slightly soluble in 
Chloride of ammonium. Carbonates of the alkaliea produce a copious precipitate, which 
is insoluble in an excess of the precipitant, even in au excess of carbonate of ammonia 
(difference from protoxide of cerium), but dissolves slightly in concentrated Solution of 
Chloride of ammonium. Oxalic acid precipitates Solutions of salt of oxide of didymium 
almost completely ; the precipitate in difiBcultly soluble in cold hydroohloric add, but dii^ 
•olves in that menstnium upon application of heat. Carbonate of barj/ta predpitaiflt 
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ozide of didymium from ita Solutions slowly (more slowly than protoxide of ceriam and 
oxide of Unthanium), and never completely. A concentrated Solution of iulphate ofpo- 
taua precipitates didymium Solutions more slowly and less completely than protoxide of 
oerium Solutions. Th% preeipitate is insolnble in cold, difficultly soluble in bot bydro- 
cblorio aoid. PhwjphaU <if 9oda and ammonia dissoWes didymium Compounds in the 
reduoing flame to amethyst-red beads, shading off to violet. With toda a grayish 
white mass is obtained in the outer flame (difference from manganese). 



Perfectly satis&ctory methods for effecting the Separation of ceriura, lanthanium, 
and didymium are not known. The oxide of cerium may be obtained in a State of 
approximate purity by treating the mixed oxides, after ignition, first with dllute, then 
with conoentrated nitric aoid, which will leave, undissolved, the greater part of 
the oxide of cerium. If the Solution is evaporated and the residue ignited and then 
again treated with nitric acid, the remainder of the oxide of cerium, which had 
been dissoWed, together with the other oxides, is now also left undissolved. The 
ondes of lanthanium and didymium are precipitated from the Solution by an alkali ; 
the predpitate is dissolved in snlphuric acid, water saturated with the dry saline mixture 
at 41*" to 42-8** Fakrenheit, and the Solution heated to 86"* Fahienheit. Sulphate of 
ozide of lanthanium separates, sulphate of oxide of didymium remains in Solution. 

10. TiTANio Aom. 

Titanium forms two oxides, sesquioxide of titanium (TisO.) and titanic acid fHO,). 
Tlie latter is somewhat more frequently met with in analysi». It is found in the free State 
in rutile and anataae, in combination with bases in titanite, titaniferous iron, &c. It is 
fbund in small proportions in many iron ores, and consequently ofken in blast-furnace 
slags. The small copper-colored cubes which are occasionally found in such slags con- 
sist of a combination of Cyanide of titatinum with nitride of titanium. Feebly ignited 
titanio acid is white ; it transiently acquires a lemon tint when heated ; very intense 
ignition gives a yellowish or brownish tint to it. It is infusible, insoluble in water, 
and its specific gravity is 3*9 to 4*25. 

a. DeportmetU with ctcida and reactums of acid tcitUtons of titanic acid, — Ignited 
titanic acid is insoluble in acids, except in hydrofluoric acid and in concentrated sul- 
phorio add. With bisulphate of potassa it gives upon sufficiently long-continued 
fusion a dear mass, which dissolTes m a large proportion of cold water to a clear fluid. 
Hydrate of titanic acid dlssolves, both meist and when dried without the aid of beat, 
in dilute adds, especially in hydrochloric and sulphuric acids. All the Solutions of 
titanic add in hydrochloric or sulphuric add, but more particularly the latter, when 
tubjected in a highly dilute State to long-continited boiling, deposit titanic acid as a 
white powder, insolubb in dilute adds. Presence of much free acid retards the Sepa- 
ration and diminishes the quantity of the precipitate. The predpitate which separates 
from the hydrochloric add Solution may, indeed, be filtered, but it will pass milky 
through Üie filter upon washing, except an add or chloride of ammonia be added to the 
washing water. Solution of potcuta throws down from Solutions of titanio acid in 
hydrochloric or sulphuric acid hvdrate of titanic add as a bulky white precipitate^ 
which is insoluble in an excess oi the precipitant ; ammonia^ »ulphide of ammonium, 
ear^cnaie of the aUctUieSf and carbonate of baryta act in the same way. The predpi- 
tate, thrown down cold and washed with cold water, is soluble in hydrochloric acid 
and in dilute sulphuric add ; presence of tartaric acid prevents its formation. Ferro» 
Cyanide of potamum produces in add Solutions of titanic acid a d^rk-brown precipi- 
tate ; infusion of ghÜa a brownish predpitate, which speedily tums orange-red. J/e- 
taüie zine produces, in consequence of the ensuing reduction of titanic add to sesqui- 
onde of titanium, at flrst a blue coloration of the Solution, afterwards a blue predpi- 
tate of hydrate of sesquioxide of titanium. 

b, MeactionM with alkalies. — Recently precipitated hydrate of titanic acid is almost 
abs<^ately insoluble in Solution of potassa. If titanic add is fused together with 
hydrat€ of jpotoMO, and the fused mass treated with water, the Solution contaius a little 
more titanic sdd. By füsion with carhonaJteM of the alkalies neutral titanates of the 
alkalies are ftmned, with expulsion of carbonic acid. Water extracts from the fused 
mass free alkali and alkaline carbonate, leaTing behind acid titanate of alkali which 
dissolyes in hydrochloric add. Titanic add mixed with cbarcoal gives upon ignition in 
a ttream of mlorine bichloride of titanium as a volatile liquid, which emits copious 
fbmee in the air. Phosphate of soda and ammonia readily dissolven titanic add in the 
oater flame to a olear bead of a yellowish color whilst bot, but colorless when cold. 
Upon loog-oontinued exposure to a streng reducing flame this bead acquires a yellow 
tint, whidi tums to red when the bead is half oold, and to Tiolet when quite ookL 

I. H 
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Addition of a little tia promotes ÜkB roduotion« If a tmall qiüntity of •ulphato of proV 
ozide of iron is added, tlie bead obtained in the rodacing flame looks blood red. 

11. Tamtalio Aom. 

Tantalum forma two oxides» TaO, and Ta O^ The laUer, wfaidi is called tantalic 
acid, is found in tantalite, yttro-taatalite, and aome other rare minerals. Tantalic aoid 
is white, and remainfl so npon ignition (differenoe between tantalic acid and titanic 
acid). Ignited tantalic acid has a specific gravi ty of from 7 to 8. Tantalic acid com- 
bines with acids and with bases. 

a. Reactioru wüh acidt, — The ignited acid is insoluble in hydrochloric acid and in 
ooncentrated solphuric acid. It fuses with solphate of potassa to a masa which on 
extraction with water leaves behind tantalic acid in comoination with sulphuric acid 
(difference between tantalic acid and titanic acid ; bat which affords only an imperfect 
means of separatinff the two acids from each other). Ignition in an atmoephere of 
ammonia ceuverts 3iis Compound of sulphuric acid with tantalic acid into pure tantalic 
acid. If a Solution of tantalate of an alkali is mixed with hydrochloric acid in ezcess, 
the precipitate which forms at first redissolves to an opalescent fluid. A mmonia and <a^ 
phiae of ammonium throw down from it hydrated or acid tantalate of ammonia ; pre- 
sence of tartaric acids prevents precipitation. StUphuric cund throws down from the 
opalescent Solution siilpbate of tantalic acid. If tantalates of the alkalies be strongly 
acidified with hydrochloric acid, and tben brought into oontact with zinc, even addition 
of sulphuric acid will fail to produce a blue coloration of the fluid, or at all events the 
coloration will only be slight ; but if solid Chloride of tantalum be dissolved in concenr 
trated sulphuric acid, and water and ainc added to the Solution, the fluid will turn 
blue, not changing to brown by standing. 6. Iteädums with alkalie$, — By continoed 
fbsion with hydraU of potoua tantalate of potassa is formed ; the fused mass dissohes 
in water. By fusion with kydraU of ioda a turbid mass is obtained ; a little water 
poured on this mass will dissolve out the excess of soda, leaving the whole of the 
tantalate of soda undissolved, as this latter salt is insoluble in Solution of soda ; but ths 
tantalate of soda will dissolve in water after the removal of the excess of soda. 
Solution of soda throws down from this Solution the tantalate of soda ; if the pred- 

Sitant be added slowly, the form of the precipitate is crystalline. Carbon ic acid throws 
own from Solutions of tantalates of the alkalies acid salts, which are not dissolved by 
boiling with Solution of carbonate of soda. Sulphuric acid throws down even from 
dilute Solutions of tantalates of the alkalies sulphate of tantalic acid ; ferrocyanide of 
potaanum and infusion ofgalU produce precipitates only in acidified Solutions ; the pre- 
cipitate produced by the former is yellow, by the latter light brown. By ignition with 
charcoai in pure dry chlorine gas white yellow chloride of tantalum is formed, whicA 
sublimes in crystals ; if the tantalic acid contains titanic acid, this reaction is s(- 
tended moreover by the formation of bichloride of titanium, which emits copious fumes 
in the air. Phosphate of soda and ammonia dissolves tantalic acid to a colorless betd, 
which remains colorless even in the inner flame, and does not acquire a blood-red tint 
by addition of sulphate of protoxide of iron (difference between tantalic acid ind 
titanic acid). 

12. Htponiobio Acid. 

Niobium forms two oxides, vis., hyponiobio acid (Nb, O^ and niobic add (Nb O,). 
Hyponiobic acid is a rare substance ; it is found in columbite, samarskite, &c. It if 
white, but tums transiently yellow when ignited (difference between hyponiobic acid 
and tantalic acid). Specific gravity varies from 4*6 to 6*5 at the most (di£Eerenoe from 
tantalic acid). Hyponiobic add combines with acids and with bases. o. Acid Solutions 
of hyponiobic acta. — Ooncentrated sulphuric acid dissolves hyponiobic acid upon 
heating ; by addition of a large proportion of oold water a clear Solution is obtained, 
from which the hyponiobic acid separates in combination with sulphuric acid, slowly 
and gradually in the cold, rapidly upon boiling. By washing the precipitate with csr- 
bonate of ammonia, then with highly dilute hydrochloric add, the hydrate is obtained 
— by ignition in an atmosphere of carbonate of ammonia we obtain the add. A mmonia 
and stuphide of ammonium predpitate acid hyponiobate of ammonia. Hvponiobic add 
is readUy dissolved by fusion with bisulpbate of potassa ; on treating tue fused m^iMi 
with bot water sulphate of hyponiobio acid is left behind undissolved. i. Alkaline 
aolutums, — Hyponiobic acid fuses with hydrate of potassa to a clear mass, which is 
soluble in water ; with hydrate of soda it fuses to a turbid mass ; water dissolves the 
excess of soda out of this mass ; after the removal of the Solution of aoda, the hypo- 
niobate of soda dissolves in water. Fusion with carbonate of sodagives rise to aimilac 
leaotions as fusion with hydrate of soda. Solution of soda slowly added to the 
at^ueous Solution separates from it cxystallized hyponiobate of soda. The Solutions oC 



JOXIDE OP ZINO. 99 

the hyponiolwtai of the alkaliat are not rendeied turbid by boUing ; tulpkurie aeid 
pracipitateB frora them the whole of the hyponiobic acid upon boiliog ; tbe precipit»- 
tion DJ Chloride of unmonium Lb leas complete ; hydroddoric aeid produoes a precipi- 
tata whlch does not re-disBolve in an excees of the precipitant (difference between 
hyponiobio acid and titanic and tantalio acidi). If xiwi \b added after the hydrochlorio 
aeidy the precipitated hyponiobio acid acquires a blue tint^ whioh gradually chaoges 
to brown (di£ference from tantalic acid). üarfxmie add throws down acid byponiobate 
of alkali, which Lb solable in boiling dilute Solution of carbonate of soda (means of 
■eparating hyponiobic acid from tantalic acid). Perrocyanide of pokusiwm produoes 
no precipitate, ezcept in addified Solutions, which it precipitates dark brown. Jnfution 
offfoüt prodnces no precipitate, ezcept in acidified solationsy which it precipitates deep 
onage-red. 

By ignition of hyponiobic acid, mized with charcoal, in a stream of ehlorine gtu^ 
white solid sesqnichloride of niobium, and yellow solid somewhat more volatile bichlo- 
ride of niobium are obtained. Photphate of toda cmd <H»monia dissolves hyponiobio 
add oopionsly ; the bead produced in the inner flame shows a violet, blue, or brown 
oolor, aooording to the mode of preparation of the hyponiobic acid, and the quantity 
nsed of it ; addition of sulphate or protozide of iron imparts a blood-red tint to the 
bead. 

For the best methods and prooesses of detecting many, possibly eyen all the ozides 
of the third group in preseooe of each other, the mder is referred to Part II., 
Sectionlll« 

§105. 
POÜBTH GBOÜP. 

' More oommon oxides of the fonrth group: — Oxide of Zwc, Protoxide 
OF Manoanbse, Paotoxide of Nickel^ Photoxide of Cobalt, Pbot- 
OXIDE of Xeon, Sbsquioxide of Ibon. 

Barer oxides of thefotirth group : — Sesquioxide of Ubaniuu, Oxides 
or Yahadium, Oxides of Thaluuk. 

Propertiea qf the group. — ^The Solutions of the oxides of the fourth 
group, if contoining a stronger free acid, are not precipitated by hydro- 
sulphuric acid ; nor are neutral Solutions, at least not completely. But 
ftllraüinft Bolutions are completely precipitated by hydrosulphuric acid ; 
and so are other Solutions if a sulpbide of an alkali metal is used as the 
precipitant, instead of hydrosulphuric acid. The precipitated metallic 
sulphides corresponding to the several oxides are insoluble in water ; 
some of them are readily soluble in dilute acids; others (sulphide of nickel 
aod snlpläde of oobalt) dissolve only with very great dificulty in these 
meDstma. Some <^ them are insoluble in sulphides of the alkali metals^ 
others (niokel) are sparingly soluble in them, under certain circunv- 
ttanoes, whilst others again (vanadinm) are completely soluble. The 
oxides of the fourth group differ accordingly from those of the first and 
second gronps in this, that their Solutions are precipitated by sulphide of 
ammoniam, and firom those of the third group inasmuoh that the precipi^ 
tstes produoad by sulphide of ammonium are sulphides, and not hydrated 
oxides, SS is the oase with alumina, sesquioxide of chromium, d^c. 

Special Beactiana 0/ the more common Oxideeo/thefowrth group, 

§106. 

o. OxiDB OF Zmo (ZnO). 

1. MxrAUiio znro is blnish-white and rery bright ; when exposed to 
ihe air, a thin ooafcing of basio carbonate of duc forms on its sur&oe. 

u2 
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It is of medium bardness, ducüle at a temperature of between 212^ and 
302° Fab., but otherwise more or less brittle ; it ftises readily on char- 
coal before the blowpipe, boils afterwards, and bums with a bluisb-greeu 
flame, giving off wbite fumes, and coating the cbarcoal support with 
oxide. Zinc dissolves in bydrocbloric and sulphuric acids, with evolu- 
tion of hydrogen gas ; in dilute nitric acid, with evolution of nitrous 
oxide ; in more concentrated nitric acid, with evolution of nitric oxide. 

2. The OXIDE OF ziko and its htdrate are white powders, which are 
insoluble in water, but dissolve readily in bydrocbloric, nitric, and 
sulphuric acids. The oxide of zinc acquires a lemon-yellow tint when 
beated, but it reassumes its original wbite color upon cooling. When 
ignited before the blowpipe, it shines with considerable brilliancy. 

3. The salts of oxide of zino are colorless ; part of them are soluble 
in water, the rest in acids. The neutral salts of zinc which are soluble 
in water redden litmus-paper, and are readily decomposed by heat, 
with the exoeption of sulphate of zinc, which oan bear a duU red heat 
without undergoing decomposition. Chloride of zinc is volatile at a red 
beat. 

4. ffydrosulphuric acid precipitates from neutral Solutions of salts of 
zinc a portion of the metal as white hydrated sulphide of zinc {Zu S). 
In acid Solutions this reagent fails altogether to produce a precipitate if 
the free acid present is one of the stronger acids ; but from a Solution 
of oxide of zinc in acetic acid it throws down the whole of the zinc, even 
if the acid is present in excess. 

5. Stdphide of ammonium throws down from neutral, and hydrosvl- 
phuric acid from alkaline Solutions of salts of zinc, the whole of the 
metal as hydrated sulphide of zinc, in the form of a white precipitate. 
Chloride of ammonium greatly promotes the Separation of the precipitate. 
From very dilute Solutions the precipitate separates only affcer long 
Standing. This precipitate is not redissolved by an excess of sulphide 
of ammonium, nor by potassa or ammonia ; but it dissolves readily in 
bydrocbloric acid, nitric acid, and dilute sulphuric acid. It is insoluble 
in acetic acid. 

6. Potassa and soda throw down from Solutions of salts of zinc 
hydrated OXIDE OF ZINC (Zn O, H 0), in the form of a white gela- 
tinous precipitate, which is readily and completely redissolved by an 
excess of the precipitant. Upon boiling these alkaline Solutions they 
remain, if concentrated, unaltered ; but from dilute Solutions nearly the 
whole of the oxide of zinc separates as a white precipitate. Chloride of 
ammonium does not precipitate alkaline Solutions of oxide of zinc. 

7. Ammonia also produces in Solutions of oxide of zinc, if they do 
not contain a large excess of free acid, a precipitate of htdrated oxide 
OF ziNO, which readily dissolves in an excess of the precipitant. The 
concentrated Solution turns turbid when mixed with water. On boiling 
the concentrated Solution part of the oxide of zinc separates imme- 
diately ; on boiling the dilute Solution all the oxide of zinc precipitates. 

8. Ca/rhonale of soda produces in Solutions of salts of zinc a precipi- 
tate of BA8I0 CARBON ATE OP ZINC (3 [ZuO, HO] + 2 [Zu O, C J + 

4 aq.), which is insoluble in an excess of the precipitant. Presence of 
salts of ammonia in great excess prevents the formation of this pre- 
cipitate. 

9. Carhonate of ammonia' also produces in Solutions of salts of zinc 
the same precipitate of basic cabbonate of zinc as carbonate of soda * 
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bat ihis preclpitaie redissolves upon farther addition of tbe precipi- 
tant. On boiliog the dilute Solution oxide of zinc preoipitates. 

10. CarbonaU of ha^ryta falls to precipitate Solutions of salts of zino 
in the cold, with the exception of the sulphate. 

11. If a mixture of oxide of zinc or one of its salts with C4vrb(male 
of soda is exposed to the reducing flaine of the blowpipe, the charcoal 
Bupport becomes oovered with a slight coating of oxide of zinc, which 
presents a yellow oolor whilst hot, and tums white upon cooling. This 
ooating is produoed by the reduced metallic zinc volatilizing at the 
moment of its reduction, and being reoxidized in pasaing through the 
outer flame. 

12. If oxide of zinc or one of the salts of zino is moistened with 
Solution of nürate qf proloxide of cobaU, and then heated before the 
blowpipe, an unfused mass is obtained of a beautiful oreex color : this 
mass is a Compound of oxide of zino with protoxide of cobalt. If there- 
fore in the experiment described in 1 1 the charcoal is moistened around 
the little cavity with Solution of nitittte of protoxide of cobalt, the 
ooating appears green when cold. 

§ 107. 
b. Protoxide of Manganese (MnO). 

1. Metaluo kakganese is whitish-gray, brittle, extremely hard, 
and fuses with very great difficulty. It takes a high polish, which it 
rather speedily loses again upon exposure to the air. At first it blues, 
like steel when heated, but afber a time it becomes covered with a layer 
of brown oxide. It oxidizes only slowly in water at the common tem- 
peratore, but more rapidly in boiling water. It dissolves readily in 
acidfi, the Solutions contain protoxide. 

2. Protoxide of iianoanesb is grayish-green ; the hydrated prot- 
oxide 18 white. Both the protoxide and its hydrate absorb oxygen 

^ firom the air, and are converted into the brown proto-sesquioxide. Tbey 
are readily soluble in hydrochloric, nitric, and sulphuric acids. All the 
higher ooades of manganese without exception dissolve to protochloride, 
with evolution of chlorine, when heated with hydrochloric acid; to 
sulphate of protoxide, with evolution of oxygen, when heated with 
eoncentrated sulphuric acids. 

3. The SALTS OF protoxide of MANOANESE are colorless or pale red ; 
part of them are soluble in water, the rest in acids. The salts soluble 
in water are readily decomposed by a red heat, with the exception of 
the sulphate. The Solutions do not alter vegetable colors. 

4. Hydroaulphuric acid does not precipitate acid Solutions of salts of 
protoxide of manganese ; neutral Solutions also it fails to precipitate, or 
preoipitates them only very imperfectly. 

5. Sulphide qf ammonium throws down from neutral, and hydrosulr 
pkarie aeid from alkaline Solutions of salts of protoxide of manganese, 
the whole of the metal as hydrated sulphide of manganese (MnS), in 
form of a light flesh-colored* precipitate, which acquires a dark-brown 
color in the air ; this precipitate is insoluble in sulphide of ammonium 
aod in alkalies, but readily soluble in hydrochloric, nitric, and acetio 
aeida. The Separation of the precipitate is materially promoted by 

* If the quaiitilj oi the precipitate if only trifling, the oolor appean yellowiah-white. 
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addition of cliloride of ammonium. From very dilute Solutions the 
precipitate separates onlj after standing some time in a warm place. 
Solutions containing much free amxnonia must first be nentralized wiih 
hydrochloric acid. 

6. Potassa, soda, and ammania prodnce whitish precipitates of Hy- 
drate OF PROTOXIDE OF MAKOAHEBE (MnO, H O), wbich upon exposure 
to the air speedily acquire a brownish and finally a deep blackisb-brown 
eolor, owing to the conv^ion of the hydi*ated protoxide into hydrated 
proto-sesquiozide by the absorption of oxygen from the air. Ammonia 
and carbonate of ammonia do not redissolve ihis precipitate; but 
preseoce of chloride of ammonium prevents the precipitation by am- 
monia altogether, and that by potassa partly. Of already formed pre- 
cipitates Solution of chloride of ammonium redissolves only those {^rts 
which have not yet undergone peroxidation. The Solution of the 
hydrated protoxide of manganese in chloride of ammonium is owing to 
the dispoäition of the salts of protoxide of manganese to form double 
salts with salts of ammonia. The ammoniacal soiutions of the double 
salts tum brown in the air, and deposit dark-brown hydrate of proto- 
sesquioxide of manganese. 

7. Tf a few drops of a fluid containing protoxide of manganese, and 
free from chlorine, are sprinkled on binoxide of lead or red-lead, and 
nitrio acid free from chlorine is added, the mixture boiled and allowed 
to settle, the laTRATS of sesquioxide of mai^oanese formed imparts 
a purple-red color to the fluid. 

8. Carbonate of haryta does not precipitate protoxide of manganese 
from aqueous Solutions of its salts upon digestion in the oold, with the 
exception of sulphate of protoxide of manganesOi 

9. If any Compound of manganese, in a state of minute division, is 
fused with carbonate of aoda on a platinum wire, or on a small strip of 
platinum foil (heated by directing the flame upon the lower surface), 
in the ouUr flame of the blowpipe, manganate dp soda (NaO, MnOJ 
is formed, which makes the fused mass appear obeen while hot, and of a 
BLUiSH-GREEN tint afler cooling, the bead at the same time becoming 
turbid. This reaction enables us to detect the smallest traces of 
manganese. 

10. Borax and phosphate of soda and ammonia dissolve manganese 
Compounds in the otUer gas or blowpipe flame to clear yiolet-bed beads, 
which upon cooling acquire an amethtst-red tint : they lose their 
color in the inner flame, owing to a reduction of the sesquioxide to 
protoxide. The bead which borax forms with manganese Compounds 
appears black when containing a considerable portion of sesquioxide of 
manganese, but that formed by phosphate of soda and ammonia nerer 
loses its transparency. The latter loses its color in the inner flame of 
the blowpipe fkr more readily than the former. 

§ 108. 

0. Pbotoxidb of Nickel (NiO). 

1. Metaluo NICKEL in the fused state is silvery white, inclining to 
gray ; it is bright, hard, malleable, ductile, difficultly fusible ; it does 
not oxidize in the air at the common temperature, but it oxidizes slowlj 
upon ignition ; it is attracted by the magnet and may itself becomo 
magnetio» It ilowty dissolves in hydrochloric add and dilute sulphoiic 
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ftdd npon the applioation of beat, the solntion being attendei with 
erolution of hydrogen gas. It dissolves readilj in nitric acid. The: 
Bolntiona oontain protoxide of niokeL 

3. Hydrate of protoxide of kickel ia green; and remains nn« 
altered in the air, but ia converted by ignition into grayish-green 
PROTOXIDE OF NICKEL. Both tbo protoxide and its hydrate are readily 
Boluble in hydrochloric, nitric, and sulphuric acids. Bot the protoxide 
which oiTstallizee in octahedrons is insoluble in acids ; it dissolves how- 
erer in rasing bisnlphate of potassa. Sesquioxide of kickel is black ; 
it diasolves in hydrochloric acid to protochloride. 

3. Moet of the salts of protoxide of mcKEL are yellow in the 
anhydroos, green in the hydrated State ; their Solutions are of a light 
green color. The soluble neatral salts slightly redden litmus-paper, and* 
are deoomposed at a red heat 

4. Hydrosulphurie acid does not precipitate Solutions of salts of prot- 
oxide of nickel with strong acids in presenoe of free acids ; in the 
absence of free acid a small portion of the nickel gradually separates as 
black SULPHIDE OF KICKEL (Ni S). — Acetate of protoxide of nickel ~ is 
not precipitated, or scarcely at all, in presenoe of free .acetic acid. But in 
the absence of free acid the greater part of the nickel is thrown down by' 
long-continued action of hydrosulphuric acid upon the fluid. 

5. Sylphide ofammonium produces in neutral, and hydrosulphuric add 
m alkaline Solutions of salts of protoxide of nickel, a black precipitate 
of hydrated sülphide of kickel (Ni S), which is not altogether insoluble' 
in snlphide ofammonium, especially if containing freeammonia; the 
fluid fh>m which the precipitate has been thrown down exhibits there-' 
fore nsnally a brownish color. Sülphide of nickel dissolves scarcely at 
all in acetic acid, with great difficulty in hydrochloric acid, but readily 
in nitro-hydrocfalorio acid upon application of heat. 

6. Potassa and soda produce a light green precipitate of htdrate oF' 
protoxide of kickel (NiO, HO), which is insoluble in an excess of the 
predpitants, and unalterable in the air. Oarbonate of ammonia dis-' 
aolves this precipitate, when flltered and washed, to a greenish-blue fluid, 
from which potassa or soda reprecipitates the nickel as an apple-green' 
hydrate of protoxide of nickel. 

7. Ammonia added in small quantity to Solutions of protoxide of 
nickel produces in them a trifling greenish turbidity; upon further 
addition of the reagent this redisaolves readily to a blne fluid containing 
a Compound of protoxide of kickel akd ahhokia. Potassa and soda 
precipitate from this Solution hydrate of protoxide of nickel. Solutions con- 
taining salts of ammonia or free acid are not rendered tnrbid by ammonia.' 

8. Öyanide of PoCassium produces a yellowish-green precipitate of 
CTAKIDE OF KICKEL (NiCy), which redissolves readily in an excess of 
the precipitant as a double Cyanide of nickel and potassium (NiOy + 
KCy^; the solntion is brownish-yellow. If sulphuric acid or hydro- 
chloric acid is added to this Solution, the Cyanide of potassium is deoom- 
posed, and the Cyanide of nickel reprecipitated. From more highly 
dilute Solutions the Cyanide of nickel separates only after some time ; it 
is very difficultly soluble in an excess of the precipitating acids in the 
edd, bnt more readily upon boiling. 

9. Cofbonaie of haryta does not precipitate protoxide of nickel from 
aqueoua aolntions of its salts, npon digestion in the cold^ with the excep« 
tion of flolphate of protoxide of nickel J 
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10. Nitrite qf potcusa, nsed in conjonction with acetic acid, fails to 
precipitate even ooncentrated Solutions of nickel. 

11. Borax and phosphate ofsoda and ammonia dissolve Compounds of 
protoxide of nickel in the otUer flame of the blowpipe to clear beads ; 
the bead prodaoed with borax is violet whilst bot,- reddish-brown when 
cold ; the bead produced with the phosphate of soda and ammonia is 
reddish, inclining to brown whilst hot, but tums yellow or reddish- 
jellow upon oooling. The bead whioh phosphate of soda and ammonia 
forms with salts of protoxide of nickel temaius unaltered in the inner 
flame of the blowpipe, but that formed with borax tums gray and turbid 
from reduced metallic nickel. Upon continued exposure to the blowpipe 
flame the particles of nickel nnite, but withont fusing to a bead, and 
the glass becomes colorless. 

§ 109. 
d. Protoxide op Cobalt (CoO). 

1. Metallio cobalt in the fused state is steel-gray, pretty hard, 
slightly malleable, ductile, difficultly fusible, and magnetic ; susceptible 
of polish ; it oxidizes very slowly in the air at the common temperature, 
more rapidly at a red heat ; with acids it presents the same reactions as 
nickel. The Solutions contain protoxide of cobalt 

2. Protoxide of cobalt is an olive-green, its hydrate a pale red 
powder. Both dissolve readily in hydrochloric, nitric, aud sulphuric 
acids. Sesquioxide of cobalt (Co, O,) is black ; it dissolves in hydro- 
chloric acid to protochloride, with evolution of chlorine. 

3. The SALTS OF protoxide of cobalt containing water of crystalliza- 
tion are red, the anhydrous salts mostly ' blue. The moderately concen- 
trated Solutions appear of a light red color, which they retain even though 
considerably diluted. The soluble neutral salts redden litmus-paper 
slightly, and are decomposed at a red heat ; sulphate of protoxide of 
cobalt alone can bear a moderate red heat without suflering decomposi- 
tion. When a Solution of chloride of cobalt is evaporated, the light red 
color changes towards the end of the Operation to blue; addition of 
water restores the red color. 

4. Hydrosvlphuric a^cid does not precipitate Solutions of salts of prot- 
oxide of cobalt with streng acids, if they contain free acid ; from neutral 
Solutions it gradually precipitates part of the cobalt as black sulphide 
of cobalt (CoS). Acetate of protoxide of cobalt is not preoipitated, or 
to a very slight exten t, in presence of free acetic acid. But in the absenoe 
of free acid it is completely precipitated, or almost completely. 

5. Sulphide o/ammonium precipitates from neutral, and hydrostdphuric 
acid from alkaline Solutions of salts of protoxide of cobalt» the whole of 
the metal as black hydrated sulphide of cobalt (CoS). Chloride of 
ammonium promotes the precipitation most matenally. Sulphide of 
cobalt is insoluble in alkalies and sulphide of ammonium, scarcely soluble 
in acetic acid, very difficultly soluble in hydrochloric acid, but i^adily so 
in nitrohydrochloric acid, upon application of heat 

6. Fotassa and soda produce in Solutions of cobalt blue precipitates of 
BASIC SALTS OF COBALT, which tum GREEN upon cxposure to the aifi 
owing to the absorption of oxygen ; upon boiling they are converted iuto 
pale red hydrate of protoxide of cobalt, which contains alkali, aD<^ 
generally appcars rather discolored from an admixtore of sesquiozido 
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fbrmed in the process. These precipitates are insoluble in Solutions of 
potassa and soda ; bat neutral carbonate of amroonia dissolves the washed 
preoipitateB completely to intenselj violet-red fluids, in which a somewhat 
larger proportion of potassa or soda produces a blue precipitate, the fluid 
still retaining its violet color. 

7. Ämmonia produces the same precipitate as potassa, but this redis- 
lolTeB in an excesü of the ammonia to a reddish-brown fluid, from which 
Solution of potassa or soda throws down part of the cobalt as a blue basic 
sali. Ammonia fails to precipitate Solutions of protozide of cobalt con- 
taining salts of ammonia or free acid. 

8. Addition of cycmide of poUusium to a Solution of cobalt gives rise 
to the formation of a brownish-white precipitate of protocyanide of 
OOBALT (Co Cy), which dissolves readily as a double Cyanide of cobalt 
and potassium in an excess of Solution of Cyanide of potassium. Acids 
precipitate from this Solution Cyanide of cobalt. But if the Solution is 
boiled with Cyanide of potassium in excess, in presenoe of free hydrocyanic 
add (liberated by addition of one or two dro[>8 of hydrochloric acid), a 
double Compound of sesquicyanide of cobalt and Cyanide of potassium 
(K^ Co,Cy, = £, Ckdy^ is formed, in the Solution of which acids produce 
no precipiUUe (essential difference between cobalt aud nickel). 

9. CarboTuUe of haryia acta upon Solutions of salts of protoxide of 
eobalt the same as upon Solutions of salts of protoxide of nickel. 

10. If nürite-of potassa is added in not too small proportion to a 
Solution of protoxide of cobalt, then acetic acid to strongly acid reaction, 
and the mixture put in a moderately warm place, all the cobalt separates, 
from concentrated Solutions immediately or very soon, from dilute Solu- 
tions after some üme, as mTRiTE of sbsquioxide of cobalt and potassa 
(Co,0,, 3K0, 5N0^ 2 HO), in the form of a cry stalline precipitate of 
a beaotiful yellow color. The mode in which this precipitate forms may 
be aeen from the following equation : 2 (CoO, SOJ + 6 (KO, N0,) + 

A = KO, A + 2K0, SO, + Co,0^ 3K0, 5N0, + N0,. The pi-ecipitate 
is rery perceptibly soluble in pure water, but altogether insoluble in 
more concentrated Solutions of salts of potassa and in aJcohol. When 
boiled with water it dissolves, though not copiously, to a red fluid, which 
remains olear upon cooling, and from which alkalies throw down hydrate 
of protoxide of cobalt {Fischer, Aug. Stromeyer), This excellent reaction 
eoables us to distinguish and separate nickel from cobalt. 

11. Borax dissolves Compounds of cobalt both in the inner and oräer 
flame of the blowpipe, giving clear beads of a magnificent blue color, 
which appear violet by candlelight, and almost black if the cobalt is 
present in considerable proportion. This test is as delicate as it is cha- 
lacteristic. Phosphate of soda and ammonia manifests with salts of 
oobalt before the blowpipe an analogous but less delicate reaction. 

§110. 

e. Protoxide of Iron (FeO). 

1. Metallio ibok in the pure state has a light whitish gray color (iron 
oontaiuing carbon is more or ]«S8 gray) ; the metal is hard, lustrous, 
malleable, duotile, exceedingly difficult to fuse, and is attracted by the 
magnet In oontact with air and moisture a ooating of rust (hydrate of 
lesquioxide of iron) forms on its sorface : upon ignition in the air a coat? 
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ing of black proiosesqnioxide. Hydrocbloric acid and dilnte salpLnric 
add dissolve iron, with erolntion of hydrogen gas ; if the iron contains 
oarboD, the hydrogen ia mixed with oarbide of hydrogen. The Solutions 
eontain protoxide. Dilute nitrio acid dissolves iron in the cold to nitrate 
of protoxide, with evolation of nitrons oxide ; at a high temperature to 
nitrate of sesquioxide, with evolution of nitric oxide ; if the iron contains 
carbon, some carbonic acid is also, evolved, and there is left nndissolved a 
brown substance reaembling hnmns, which la soluble in alkalies ; nnder 
oertain cireumstanoes graphite ii also left behind. 

2. Protoxide of ibok is a black powder; its hydrate is a white 
powder, which in the moist state absorbs oxygen and speedily aoqoires a 
grayish-green, and ultimately a brownish-red color. Both the protoxide 
and its hydrate are readily dissolred by hydrocbloric, snlphuric, and 
Bitric acids. 

3. The 8ALTS OF PROTOXIDE OF IRON have in the anhydrons state a 
white, in the hydrated state a greenish oolor ; their Solutions only look 
greenish when concentrated. The latter absorb oxygen when expoeed to the 
air, and are converted into salts of the protosesqoioxide, with precipitn- 
tion of basio salts of sesquioxide. Chlorine or nitrio acid converts them 
by boiling into salts of sesquioxide. The soluble neutral salts redden 
litmus-paper, and are decomposed at a red heat 

4. Solutions of salts of protoxide of iron made acid by strong acids 
are not precipitated by hydrosulphuric acid; nor are neutral Solutions of 
salts of protoxide of iron acidified with weak acids precipitated by thiB 
reagent, or at the most but very incompletely ; the precipitates are in 
ihat case of a black color. 

6. Sulphide ofammonium precipitates from neutral, and hydrosulphuric 
acid from alkaline Solutions of salts of protoxide of iron, the whole of the 
metal as black hydrated protosulphide of iron (FeS), which is insoluble 
in alkalies and sulphides of the alkali metals, but dissolves readily in 
hydrocbloric and nitric acids : this black precipitate tums reddish-brown 
in the air by oxidation. To highly dilute Solutions of protoxide of iron 
addition of sulphide of ammonium imparts a green color, and it is only 
after some time that the protosulphide of iron separates as a black pre- 
cipitate. Chloride of ammonium promotes the preoipitation most 
materially. 

6. Potassa and ammonia produce a precipitate of hydrate of prot- 
oxide of iron (FeO, HO), which in the first moment looks almost white, 
but acquires after a very short time a dirty green, and ultimately a 
reddish-brown color, owing to absorption of oxygen from the air. Pre- 
sence of salts of ammonia prevents the preoipitation by potassa partly, 
and that by ammonia altogether. If alkaline Solutions of protoxide of 
iron thus obtained by the agency of salts of ammonia are exposed to the 
air, hydrate of protosesquioxide of iron and hydrate of sesquioxide of iron 
precipitate. 

7. Ferrocyanide of potassium produces in Solutions of protoxide of 
iron a bluish-white precipitate of fkrroctanide of potassiuil and irok 
(K, Fe,, CfyJ, which, by absorption of oxygen from the air, speedily 
acquires a blue color. Nitric acid or chlorine converts it immediately 
into Prussian blue, 3 (K, Fe,, Cfy.) + 4 €1 = 3 K Cl + FeCl + 2 (Fe^ Cfyj. 

8. Ferricyanide of potassium produces a roagnificently blue precipitate 
of FERRioTANiDE OF IRON (Fe,Cfdy). This precipitate does not differ in 
eolor from Prussian blue. It is insoluble in hydrochloric add, butis 



sisquioxiDX OF I&OX. lOT 

leadily decompoeed bj potaasa. In highly dilute Solutions of salts of 
protoxide of iron the reagent produces simply a deep blae-green ooloration« 

9. Sfilphocyanide of potasnum doee not alter Solutions of protoxide of 
iron free from sesquioxide. 

10. CarbonaU qfbaryta does not precipitate Solutions of protoxide of 
iron in the oold, with the exoeption of the sulphate of protoxide of iron. 

1 1. Borax dissolvee protoxide of iron Compounds in the oxidizing flame^ 
giTing beads varying in color from yellow to dark red ; when cold the 
beads rury from colorless to dark yellow. In the inner flame the beads 
change to bottle-green, owing to the reduction of the newly-formed 
sesquioxide to protosesquioxide. Phosphate of soda and ammonia show 
a similar reaction with the salts of protoxide of iron ; the beads produoed 
with this reagent lose their oolor upon cooling still more completely than 
is the case with thoee produoed with borax ; the signs of the ensuing 
zedaction in the reduoing flame are also less marked. 

§111. 
/ Sesquioxide of Ibon (Fe, J. 

1. The native crystallized sesquioxide of iron is steel-gray ; the 
aative as well as the artificially prepared sesquioxide of iron gives upon 
trituration a brownish-red powder ; the color of hydrate of sesquioxide 
of iron is more inclined to reddish-brown. Both the sesquioxide and 
its hydrate dissolve in hydrochloric, nitric, and sulphuric aeids; the» 
hydrate dissolves readily in these acids^ but the anhydroiis sesquioxide 
dissolves with greater difficulty, and completely only after long exposure 
to heat. Pbotosesquioxide of iron (Fe O, Fe, O,) is black ; it dissolves 
in hydrochloric add to protochloride and sesquichloride, in aqua regia 
to seaquichloride. 

2. The neutral anhydrous salts of sesquioxide of iron are nearly 
white ; the basic salts are yellow or reddish-brown. The color of the 
Solutions is brownish-yellow, and becomes reddish-yellow upon the appli^ 
eation of heat The soluble neutral salts redden litmus-paper, and are 
deoomposed by heat 

3. Ilydrostilphurie acid produces in Solutions made acid by strenger 
acids a milky white turbidity, proceeding from separated sulphur ; the 
aslt of the sesquioxide being at the same time converted into salt of 
the protoxide : Fe, 0„ 3 SO, + HS = 2 (Fe O SO,) + HO, SO, + S. If 
lolution of hydrosnlphuric acid is rapidly added to neutral Solutions, 
the reaction is marked by a transieut blackening of the fluid, besides 
the Separation of sulphur. From Solution of neutral acetate of sesqui- 
oxide of iron hydrosnlphuric acid throws down the greater part of the 
iron ; but in presence of a sufficient quantity of free aoetic acid sulphur 
alone B^)arates. 

4. Sulphide of ammonium precipitates from neutral, and hydrosul* 
phnric acid from alkaline Solutions of salts of sesquioxide of iron, the 
whole of the metal as black hydrated protosulpuide of iron ^Fe S) : 
Pei, Cl, + 3 NH^ S = 3 NH^ Cl + 2 Fe S + S. In very dUute Solution» 
the reagent produces only a blackish-green coloration. The minutely 
divided protosnlphide of iron subsides in such cases only afber long 
Standing. Chloride of ammonium most materially promotes the preci- 
fitation. .Frotosolphide of iron, as already stated (§ 110^ 6), is inao*! 



108 BECAPITULATION AND EElfABKS. 

luble in alkalies and alkaline solphides, bat dissolves readily in hjdro- 
chloric and nitric acida. 

5. Potasaa and ammonia produce bulky reddish-brown precipitates of 
HTDRATE op SESQUioxiDE OF IBON (F, O,, HO), which are insoluble in 
an exoess of the precipitant as well as in salts of ammonia. 

6. Ferrocya/nide qfpoiassium produces even in highly dilute Solutions 
a magnificentlj blue precipitate of fbbroctanide of irok, or Prussian 
blue (Fe, Cfy,) : 2(Fe,Cg + 3 (Cfj, 2 K) = 6 K Gl + Fe, Cfy,. Thia 
precipitate is insoluble in hjdrochloric acid, but is decomposed by 
potassa, with Separation of hydrate of sesquioxide of iron. 

7. Ferricyanide of potassium deepens the color of Solutions of salts of 
sesquioxide of iron to reddish-brown ; but it füls to produce a precipitate. 

8. Sulphocyomide of poUusium imparts to acid Solutions of salts of 
sesquioxide of iron a most intense blood-red color, arising from the for- 
mation of a soluble sulfhogyanide of ibok. Addition of acetate of 
soda destroys this color, hydrochloric acid restores it again. This test 
is the most delicate of all ; it will indicate the presence of sesquioxide of 
iron even in fluids which are so highly dilute that every other reagent 
£uls to produce the slightest visible alteration. The red coloration may 
in such cases be detected most distinotly by resting the test-tube upon a 
sheet of white paper, and looking through it from the top. 

9. CarboruUe of haryta precipitates even in the cold all the iron as 

HYDRATE OF SESQUIOXIDE MIXED WITH A BASIC SALT. 

10. The reactions before the Uowpipe are the same as with the prot- 
oxide. 

§ 112. 

RecapUuUUion and remmrks, — On obscrving the reactions of the several 
oxides of the fourth group with Solution of potassa, it would appear that 
the Separation of the oxide of zinc, which is soluble in an excess of this 
reagent, might be readily effected by its means ; but in the actual expe- 
riment we find that rather notable quantities of oxide of zinc are thrown 
down with the sesquioxide of iron, protoxide of cobalt, &c To such an 
extent indeed that it is oflen iropossible to demonstrate the presence of 
oxide of zinc in the alkaline filtrata 

Again, the reactions of the different oxides with chloride of ammonium 
ftnd an excess of ammonia would lead to the conclusion that the Sepa- 
ration of sesquioxide of iron from the protoxides of cobalt, uickel, and 
xnanganese, and from oxide of zinc, might be readily effected by these 
agents. But this method also if applied to the mixed oxides is iuaccu- 
rate, sinoe greater or smaller portions of the other oxides will always 
precipitate along with the sesquioxide of iron ; and it may therefore 
happen that small quantities of cobalt, manganese, &a, altogether escape 
detection in this process. 

It is far safer therefore to separate the other oxides of the fourth 
group from sesquioxide of iron by carbonate of baryta, as in that case the 
iron is precipitated free from oxide of ziuc and protoxide of manganese, 
and, if chloride of ammonium is added previously to the addition of the 
carbonate of baryta, almost entirely free also from protoxide of nickel 
and protoxide of cobalt 

Protoxide of manganese may conveniently be separated from the 
protoxides of cobalt and nickel, as well as from oxide of zinc, by treatiog 
the washed precipitated sulphides with moderately dilute acetic aoi(^ 
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which di88olT68 tbe Balpbide of manganese, leaving the otlier sulphides 
undiasolved. If the acetic acid Solution is now mixed with Solution of 
potafisa, tbe least trace of a precipitate will be sufficient to recogniae tbe 
manganese before tbe blowpipe with carbonate of soda. 

If tbe snlpbides left andissolved by acetic acid are now treated, afber 
wasbing, with rerj dilnte bjdrocblorio acid, the sulphide of zinc dia- 
aolreSy leaving almost tbe wbole of the sulphides of cobalt and nickel 
behind. If tbe fluid is then boiled, and stronglj concentrated to expel 
ihe bydrosulpburic acid, and afterwards treated with Solution of potassa 
or soda in ezoess, the zinc is sure to be dotected in the filtrate by hydro- 
Bolphurio acid. 

Cobalt may mostly be readily and safely detected in presence of nickel 
by tbe reaction with borax in tbe inner flame of the blowpipe ; to which 
end tbe filter with the mixed sulphides of nickel and cobalt upou it is 
bumt in a small porcelain dish, and a portion of the residue tested with 
borax in tbe inner flame. Tbe detection of nickel in presence of cobalt 
18 a leas easy task. Tbe best way of eflecting it is to mix the concen- 
trated Solution containing the two metals with a sufficient quantity of 
nitrite of potassa, then add acetic acid to strongly acid reaction, and let 
tbe mixture stand at least twelve bours in a moderately warm place ; 
when tbe cobalt will separate as nitrite of sesquioxide of cobalt and 
uotassa ; tbe nickel may then be readily precipitated from the fll träte 
oy soda^ and tested before the blowpipe, to make quite sure of its 
natore. 

In practioal analysis we generally separate the wbole of the oxides of 
tbe fourtb group as sulphides by precipitation with sulphide of ammo- 
ninm. It is therefore in most cases still more convenient to separate 
nickel and cobalt, or at l^ast the far larger portion of these two metals at 
the outset. To this end the meist precipitate of the sulphides is treated 
with water and some hydrochloric acid, with active stirring, but with- 
out application of beat Nearly the wbole of the sulphide of nickel and 
sulphide of cobalt is left behind undissolved, whilst all the other sulphides 
are ^ssolved. The undissolved residue of sulphide of cobalt and sulphide 
of nickel is filtered and washed, and treated as directed above. By 
boiliug tbe filtrate with nitric acid the iron is converted from the state 
of protoxide, as it existed in the Solution of the sulphide, into that of 
sesquioxida Aller the free acid bas been nearly neutralized by carbonate 
of soda» the iron may be thrown down as basic salt either by carbonate 
of baryta in the cold, or by acetate of soda and boiling. Manganese and 
sine alone remain in the filtrate ; these metals are then also precipitated 
witb sulphide of ammonium and some chloride of ammonium, the 
precipitate is filtered and washed, and the two metals are fioally 
«eparated from each other by acetic acid as directed above, or, afler 
removal of tbe baryta by sulphuric acid and great ooncentration, 
by Solution of potassa or soda. The trifling quantities of cobalt and 
nickel, dissolved on the first treatment of the sulphide precipitate witb 
dllute hydrochloric acid, remain with the sulphide of zinc in tho Separa- 
tion of tbe latter from the sulphide of manganese by acetic acid — or with 
tbe protoxide of manganese if the Separation of the oxide is eflected by 
Solution of potassa or soda. The sulphide of zinc may be extracted from 
tbe blackisb precipitate by dilute hydrochloric acid, and the detection of 
tbe manganese in presence of tbe cobalt and nickel may be readily 
effooted by means of soda in tbe outer flame. 
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Protoxide and seaqnioxide of iron may be detected in presence of eacb 
other by testing for the former with ferricyanide of potassiom, for tbe 
latter with ferrocyanide of potaaaiam or, better still, with sulpbocyanide 
of potaasium. 

In oonclosion it is necesaary to mention that alkalies &ü1 to preci- 
pitate the oxides of the fourth gronp in presence of non-volatile organic 
sabstances (such as sogar, tartarie aeid, &c.), We have already seen 
that the same remark applies to alumina. As regards sesquioxide of 
iron, even carbonate of bar3rta fiEÜls to precipitate this in presence of 
2ion-Yolatile organio substanoes. 

Special ReaeHotu of the rarer Oxidee of thefowrtk ffroup. 

§118. 
a. Oxn3Bs or übaitiüm. 

' This metal \b found in a few minerals, u pitcfablende, unin-ocbre, kc. The sesqui- 
oxide of the metal is used to stain gUss yeUowisb-green. Uranium forms two oxides, 
viz., the protoxide (ÜO), and the sesquioxide (UsOA The protoxide is brown; it 
dissolves in nitric acid to nitrate^ of sesquioxide. The hydnte of the sesquioxide 
is yeliow ; at about 572** Fahrenheit it loses its water and tums red ; it is oonverted 
by ignition into the dark blackish-men protosesquioxide. The Solutions of s^uioxids 
m uranium in acids are yeliow. iTydrotulphwrie acid does not alter them ; evlphide of 
ammonium throws down from them, after neutralization of the free acid, a slowly 
tubeiding precipitate, Tarying in color from dirty yeliow to reddish- brown, and nearly 
blood*red, aooording to the presence and quantity of chloride of ammonium, ammonia, 
and sulpbide of ammonium. Chloride of ammonium materially promotes the precipi* 
tatiou. The precipitate is readily soluble in acids, even in acetic acid, but insofuble in 
sulphide of ammonium. It does not consist of pure sulphide of uranium, but oon- 
tains, besides uranium and suli^ur, also ammonium, oxygen, and water. Ämmoniaj 
potcuta, and 8oda produoe yeliow precipitates of sesquioxide of uranium and alkali, 
which are insoluble in an excess of the precipitants. Ckirbonate of ammonia and bi- 
earhonaU of potassa or aoda produce yeliow precipitates of carbonate of sesquioxide of 
uranium and alkali, which readily redissolve in an excest of the precipitants, Potassa 
and soda throw down from such Solutions the whole of the sesquioxide of uranium. 
Carbonate of ha/ryta completely precipitates Solutions of sesquioxide of uranium, even 
in the cold« Perrocyaniae of potastium producee a reddish-brown precipitate (a most 
delicate test for uranium). Borax and photphate of eoda and ammonia give with 
uranium Compounds in the inner flame of the blowpipe green beads, in the outer flame 
yeliow beads, which acquire a yellowish-green tint on oooling. 

b, OzTDBS OF Vanadium. 

Vanadium is a rare metal, found in vanadate of lead, and occasionally in small 
quantity in iron and copper ores, and in the slags left by them. Vanadium forma 
ihree oxides, yiz., Protoxide (VO), binoxide (VO,), and vanadic acid (VO^. The 
lower oxides are oonverted into the acid by heating with nitric acid or aqua regia, or 
by fusion with nitrate of potassa. Vanadic acid is yellowish-red ; it melts at an in- 
oipient red heat, and solidifies in crystals on cooling ; it is not volatile. It dissolves 
▼ery sparingly in water, but the Solution acts powerfully upon meist litmus-paper, im- 
partinz a decided red tint to it. Vanadic acid combines with acids and with bases. 
a, Äctd eoltUione, — The strenger acids dissolve vanadic acid to yeliow or red fluids. 
The Solutions are often decolorized by boiling. Sulphurous acid, many metals, organic 
substances, &o., reduoe vanadic acid and color the fluid blue by the formation of 
binoxide of vanadium. Hydrosvlphuric acid does not precipitate addified Solutions, 
but imparts a blue tint to them, sulphur separating at the same time. Sulphide of am- 
monium imparts a brown tint to Solutions of vanadic acid ; on acidifying the Solution 
with hydroohloric acid, or, better still, with sulphuric acid, brown tersulphide of vaaa- 
dium separates, which dissolves in an excess of sulphide of ammonium to a reddish- 
brown fluid. Ferrocyanide of potaesium produces a green precipitate, infueion of 
gaüty after some time, a bluish-black precipitate. 6. Vanadates, — Most of the neutral 
salts are yeliow, those of tiie alkalies and some others are by heating with water con- 
v^rted into a colorless modification. The acid salts are yellowish-red. The salts caa 
bear a red heat i most of them are soluble in watar, all of them in nitric acid. Ti» 
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fiaidate of Um aUnlMi dinolve Um more •paringly in wator the more ft«e alluJi or 
■ikalinn nU ii praeni. If tha tolation of a TuulcUte of ao alkftli U ■atunted with 
(Uaride ^f amm imim m, tfa« wbole of the Tuiadic acid teparates as whit« Tanadate of 
am mm na , inaohibto in «lation of ofaloride of ammonium (most oharaoterisiic raaotion). 
Tkt pmlsltato gifM by ignitioii Tanadato of binoxide of Tanadiom. If an aoidifiad 
■olntum Ol ▼anadate of alkali U ihaken togetiier with peroxide 0/ hydrogen, the floid 
■n|iiicea a nd timt ; if «ther ia then added, and the miKtore ihaken, the solntion re* 
taina iti oolor, tfae eUier remaining ooloriess (moit delicate reaotion) (Wbbthib). 
Borax diaolTat faoadio aoid in äe inner and outer flame to a clear bead ; tha 
Wal prodaoed 1& the ooUr flame ia oolorieei, with large qoantities of vanadic aoid, 
jeDow ; the bead produced in the inner flame has a beautifiü green oolor ; with largec 
qoaatltiet of Tanadio aoid it looks browniih whiLit bot» and only tonii green on 
eooling. 

e, Oxida of Thaüiwm, 

Ibalfiiim ia tiie laat diaooTered of the known elements. It ia fonnd ohiefly in iron 
pyritee, aleo in oopper pyrites, and aome other sulphuretted ores, and in native snlphur. 
tt 18 found aocnmnlatea in the dnit of the flaee leading to the sulphurio aoid chamberv 
where the fdmaoes are fed with saoh oree. Thallium ia a lead-like metal. It ia loft» 
meha readily, and ia volatile at a white heat When beut or twisted it emits the 
nme paeoliar orackling eound ae tin. It does not deoompose pure water, but deoom« 
poee a tt after addition of acid. It forms a basic oxide, a sesquioxide, and a peroxide. 
ProUmde of ikaJü^m diMolvee in water forming an alkaline fluid. The aolutions 
of iti nlti are not preoipitated by alkaliee nor by alkaline oarbonatee. The lulphateiy 
nitfmte^ and oarbonate of protozide of thallium are white, soluble in water, and readily 
erfetaUiaaUe. The phoephate is a orystalline precipitate almost insoluble in water and 
AwArnm tolutioni, but readily soluble in mineral acids. OhromaJtt of potcusa produoes 
a pale yeOow, and Mohromate of potassa a deep orange precipitate almost insoluble in 
water and aoida. Hydrochlorie aeid, or aolubU chlondes, precipitate white chloride of 
tfaflJlinm, whidi ia nearly insoluble in water, hydrocblorio acid or ammouia ; it is soluble 
In bofling watar and oryatalliaee ont on oooUng ; bot nitrio acid diaeolTes it permanently. 
lodide of potasuom precipitates it yellow, and bromide of potassinm white, ffydro- 
nipkwrie aeid does not precipitate aoid eolutions, and only very imperfectiy when 
nentnd. Saiphide of ammoniwm throws down brownish black sulphide of thallium 
wiaA readily ooUeoti in Inmpe ; it ia insoluble in ammonia, in alkaline sulphides and 
in eyaiiide of polMsiiim : it dissolves sparingly in hvdrochlorio aoid, readily in sulphuric 
aora and aitrio aoid ; when meist it oxidizes rapidly in the air, being converted into 
mMMte. Sulphide of thallium is more fusible than the metaL Zinc precipitates from 
fÜ JKmn flointions the metal in small ciystalline leaflets or scales. OolorUu Jlames are 
eolond inteosriy green by thallium Compounds. The tpectrum of thallium consists of 
a dngle most oharacteristie line of a magnifioent emerald-green oolor, which nearly 
sninridfis witfi Ba, d (See TMe L) With minute quantities of thallium the spectral 
fsactinn is but of yeiy short duration. Spectrum analysis affords by far the best means 
for the deteotion of thallium. Thalliferous pyrites give the green line mostly at once. 
In naMre wlphor thallium is detected the most readilv by first removing the principal 
pari off tha siqihiir by means of snlphide of oarbon, and then examining theresidue. 

§ 114. 

FIFTH GBOüP. 

More oommon ozides of the fifbb group : — Oxide of Stlyer, Suboxide 
OF MiBOUBT« Oxide of Mercxtby, Oxide of Lead, Tbboxide of 
B18MOTH, Oxids of Coppeb, Oxide of OADMirnc. 

Barer oxides of the fifth group ; — Oxides of Palladiük, Bhodiux, 

OsmUir, RUTHENITTIL 

Ffvperiiei qf the ^fraup. — ^The sulphides corresponding to the oxides of 
this group are insoluble both in dilute acids and in alkaline sulphides.* 
The solntions of theee oxides are therefore completely preoipitated hy 

• Coosnlt however tfae paragraphs on onde of oopper and suboxide and ozide of 
mdMütjt m tha kttar lamark appliiaonly partially to thanu 
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hydrosulphuric acid, na matter whetber tbey be neutral, or oontain free 
acid or free alkali. The ieuct that the Solutions of the oxides of the fifth 
group are precipitated by hydrosulphuric acid in presence of a free strenger 
aoid, distinguishes them from the oxides of the fourth group and £rom 
the oxides of all the preceding groups. 

For the sake of greater clearness and simplicity, we divido the oxides 
of this group into two classes, and distinguish, 

1. Oxides preoipitablb by htdboohlorio acid, m., oxide of silyer, 
Buboxide of meroury, oxide of lead. 

2. Oxides not preoipitablb bt hydroohlorio acid, viz., oxide of 
mercury, oxide of copper, teroxide of bismuth, oxide of (»dmium. 

Lead must be considered in both dasses^ since the sparing solubility 
of its Chloride might lead to confounding its oxide with suboxide of 
xnercury and oxide of silver^ without affording us on the other band any 
xneans of efiecting its perfect Separation from the oxides of the second 
division, 

Special Readions ofthe more common Oxides of thefifih grovp. 

JIB8T DIYIBIOK OF THE FIFTH OBOUP ; OXIDES WHIGH ABE PBECIPITATED 

BT HTDBOGHLORIC ACID. 

§ llß. 

o. Oxide of Silyeb (Ag O.) 

1. Metallio silyeb 18 white, very lustrous, moderately hard, bighly 
malleable, ductile, rather difficnltly fosible. It is scarcely oxidized by 
fusion in the air. Nitric acid dissolves silver readily ; the metal is in- 
Boluble in dilute sulphurio acid and in hydrochlorio acid. 

2. Oxide of silyer is a grajrish-brown powder ; it is not altogether 
insoluble in water, and dissolves readily in dilute nitric acid. It forms 
HO hydrate. It is decomposed by heat into metallic silver and oxygen 
gas. The black suboxide of silver (Ag^O) and the binoxide (AgO,) are 
likewise decomposed by heat into metallic silver and oxygen. 

3. The SALTS OF oxide of silyeb are non-volatile and colorless ; many 
of them acquire a black tint upon exposure to light. The soluble neutral 
Balts do not, alter vegetable colors, and are decomposed at a red heat 

4. Hydromdphuric acid and sulphide of ammonium precipitate from 
aolutions of salts of silver black sulphide of silyeb (AgS) which is 
insoluble in dilute acids, alkalies, alkaline sulphides, and Cyanide of 
potassium. Boiling nitric acid decomposes and dissolves this precipitate 
readily, with Separation of sulphur. 

. Ö, Fdassa and 9oda precipitate from Solutions of salts of silver oxide 
OF silyeb in the form of a grayish-brown powder, which is insoluble in 
an excess of the precipitants, but dissolves readily in ammonia. 

6. AmmoniOy if added in very small quantity to neutral Solutions of 
OGdde of silver, throws down the oxide as a brown precipitate, which 
readily redissolves in an excess of ammonia. Acid Solutions of silver 
are not predpitated. 

7. Hydrochloric acid and solvble metaUic chlorides produce in Solution^ 
of salts of silver a white curdy precipitate of chlobide of silyeb 
{AgCl). In very dilute Solutions these reagents impart at first simply 
a bluish- white opalescent appearance to the fluid; but after long 
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rtinding in a warm plaoo the chloride of nlver colleoto at tbe bottom of 

tbe TwaeL Bt the aeiion of light the white chloride of süver fint 

aoquirea a Tklet tint^ and ultimatelj tarnt blacfc ; it is insoluble in 

nitrie acid, bat dinolyee readily in ammonia as ammonio-chloride of 

nlTer, from whioh donble Compound the chloride of silver la again sepa« 

rated hy acida. Goncentrated hjdroobloric acid and concentrated solu- 

tiona of Chlorides of the alkali metala disBolve chloride of silver to a vety 

peree p tible amoont^ more particularlj upon a|>plication of heat ; but the 

dimolyed chloride separates again upon düution. Upon exposure to 

heat chloride of silver fuses without decomposition, giving upon cooling 

a tranmrsnt homy mass. 

8. If Compounds of silver mixed with earhoruUe of Boda are exposed 
on a eharoou sup|K>rt to the inner flame of the blowpipe, white brilliant 
daotile metallic globules are obtained, with or without a slight dark red 
incrustation of the charcoaL 

§ 116. 
i, SuBoxiDE OF Mercubt (Hg,0). 

1. Hraluo xbbcüby is grayish-white, lustrous, fluid at the common 
temperatare ; it solidifies at — 40% and boils at 680° FaL It is insoluble 
in hydrochloric acid ; in dilute cold nitrie acid it dissolves to nitrate of 
mbmdds^ in more concentrated bot nitrie acid to nitrate of oxide of 
BMrcorj. 

2. SuBOXiDB OF MSRCURY is a black powder, readily soluble in nitrie 
ickL It is decompcsed bj the action of heat^ the mercury volatilizing 
in ihe metallic State. It forms no hydrate. 

3. The 8Ai;r8 of buboxide of mercuby volatilize upon ignition ; most 
of them sufifer decomposition in tbis process. Subcbloride and sub- 
bromide of mercury volatilize unaltered. Most of tbe salts of suboxide 
of mercary are colorless. The soluble salts in the neutral State redden 
litmus-pi^)er. Kitrate of suboxide of mercury is decomposed by addi- 
tioa of mach water into a light yellow insoluble basic and a soluble 
•cid aalt 

4^ Hydromdphuric aeid and avlphide ofammonium produoe black pre- 
dpitatea of subbulphidb of mercury (Hg^S), whicb are insoluble in 
dilute amdsy sulphide of ammonium, and Cyanide of potassium. Mono- 
solphide of aodium, in presence of some caustic soda, dissolves tbis sub- 
Bolphidoy with Separation of metallic mercury. Bisulpbide of sodium 
diBsolvea the subsulphide without Separation of metallic mercury. The 
lolutions contain sulphide of mercury (HgS). Subsulphide of mercury 
is readily decomposed and dissolved by nitrohydrocbloric acid^ but not 
by boiling concentrated nitrie acid. 

5. Fota890kf soda, and amfruynia produce in Solutions of salts of sub- 
oxide of mercury black precipitates, wbich are ioRoluble in an excess of 
tbe precipitants. The precipitates produced by the fixed alkalies con- 
sist of 8UB0XIDB OF MERCURY; whilst those produced by ammonia 
oonsist of BASIC Compounds of mercury with ammonia or amidooen. 

6. Hydroehlofie acid and soluble metaUic cfUorides precipitate from 
Solutions of salts of suboxide of mercury subchloride of mercury 
(Hg, Ol) as a fine powder of dazzling whiteness. Cold hydrochloric 
acid and cold nitrie acid &il to dissolve tbis precipitate ; it dissolves 
howerery althongh veiy difficultly and slowly, upon long-continued 
boiliug with theae aoidsy being resolved by hydrochloric acid into chloride 
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of mercury and metallio mercuiy, wHicli separates ; and converted hj 
nitric acid into chloride of mercury and nitrate of oxide of mercury. 
Kitrohydrochloric acid and chlorine water dissolve the subchloride of 
mercury readily, Converting it into chloride. Amraonia and potassa 
decompose the subchloride of mercury, separatiiig from it, the former a 
Compound of protamide of mercury with protochloride of mercury (Hg; 
NH,, Hg, Gl), the latter suboxide of mercury. 

7. If a drop of a neutral or slightly acid Solution of suboxide of mer- 
cury is put ou a dean and mnooth sur/ace o/coppcTf and washed off after 
Bome time, the spot will afberwards, on being gently rubbed with cloth, 
paper, &c, appear white and lustrous like silver. The application of a 
gentle heat to the copper causes the metallic mercury precipitated on its 
Burface to volatilize, and thus removes the silvering. 

8. Protocldoride oftin produces in Solutions of suboxide of mercury a 
gray precipitate of mjstaluo mercurt, which may be united into glo- 
bules by boiling the metallic deposit, afber decanting the fluid, with 
hydrochlorio acid, to which a little protochloride of tin may also be 
added. 

9. If an intimate mixture of an anhydrous Compound of mercury 
with anhydrous carbonate of aada is introduced into a sealed glass tube, 
and covered with a layer of carbonate of soda, and the tube is then 
strongly heated, the mercurial Compound invariably ondergoes decom- 
Position, and metaluo hbrcuby separates, forming a coat of gray Sub- 
limate above the heated part of the tuba The minute particles of 
mercury may be united into larger globules by rubbing this coating with 
a glass rod 

§ 117. 
c. Oxide op Lead (Pb O). 

1. Metaluo lead is bluish-gray ; its surface recently cut exhibits a 
metallio lustre j it is soft, malleable, readily fusible. It evaporates at a 
white heat. Fused upon charcoal before the blowpipe it forms a coating 
of yellow oxide on the support. Hydrochloric acid and moderately 
concentrated sulphuric acid act upon it but little, even with the aid of 
heat ; but dilute nitric acid dissolves it readily, more particularly on 
heating. 

2. Oxide of lead is a yellow or reddish-yellow powder, looking 
brownish-red whilst bot, and fusible at a red heat. Hydrated oxide of 
lead is white. Both the oxide and its hydrate dissolve readily in nitric 
and acetio acids. Suboxide of lead (Pb, O) is black, Minium (2 PbO, 
Pb O,) red, Binoxide (Pb OJ brown. They are all of them converted 
into the oxide by ignition in the air. The binoxide is not disaolved by 
heating with nitric acid, but it dissolves readily in that menstruum on 
Bddition of some spirit of wine. The Solution contains nitrate of oxide 
of lead. 

j 3. The 8ALT8 OF OXIDE OF LEAD are non-volatile ; most of them are 
oolorless ; the neutral soluble salts redden litmus-paper, and are decom- 
posed at a red heat If chloride of lead is ignited in the air, part of it 
^olatilizes, and leaves behind a mixture of oxide of lead and chloride of 

^ 4k fff/drondphuric acid and sulphide o/ammonium produce in sola- 
jtions of salts of lead black precipitates of sulphide of lead (Pb S), which 
~~~ insoluble in cold dilute acids, in alkaliee, alkaline sulphides, and 
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epaude of potusiom. Salphide of lead is deoomposed bj Hot nitric 
•dd. If tbe acid was dilute, the whole of the lead isobtained in Solution 
as nitrate of oxide of lead, and sulphur separates — if the acid was 
faming, (he solphor is also oompletely oxidized, and insoluble sulphate 
of lead aJone is obtained ; — if the acid was of medium concentration, 
both pro coB B CD take place, a portion of the lead being obtaiued in Solution 
as nitrate of lead, whilst the remainder separates as sulphate of lead, 
togeiher with the unoxidized sulphur. In soIutions of salts of lead con- 
taining a lazge exoess of a concentrated mineral acid, hydroeulphuric 
acid prodnoee a precipitate only after the addition of water or afler 
nentraliaition of the froe acid hy an alkalL If a Solution of lead is pre- 
dpitated by bydrosulphuric acid in presence of a large quantity of free 
hydiDcblorio add, a red precipitate is formed, consisting of chloride and 
salphide of lead, which is however converted by an excess of hydrosul- 
phurio add into black sulphide of lead. 

5. Foia98a, 9odc^ and ammonia throw down basic salts of lead in 
the form uf white precipitates, which are insoluble in ammonia and diffi- 
calüy Bolnble in potassa and soda. In Solutions of acetate of lead am- 
monia (free from carbonic acid) does not immediately produce a pre- 
dpitate, owing to the formation of a soluble triacetate of lead. 

6. Carbanate of goda throws down from Solutions of salts of lead a 
white predpitate of basic carbonate op lead [e.g,, 6 (Pb 0, C O,) + 
Pb O, H O], which is insoluble in an excess of the precipitant and also in 
Cyanide of potassium. 

7. Hydroehlorui acid and soluble chlorides produce in concentrated 
aolutions of salts of lead heavy white precipitates of chloride of lead 
(Pb Gl), which are soluble in a large amount of water, especially upon 
application of heat This chloride of lead is converted by ammonia into 
bade chloride of lead (Pb Gl, 3 Pb + U O), which is also a white 
powder, bat almost absolutely insoluble in water. In dilute nitric 
and hydroohloric adds chloride of lead is more difficultly soluble than in 
water. 

8. Sufyhurie acid and aulphates produce in Solutions of salts of lead 
white predpitates of sulphate of lead (Pb 0, S O,), which are nearly 
insolable in water and dilute adds. From dilute Solutions, especially 
from Bocth as contain much free acid, the sulphate of lead precipitates 
only after some time, frequently only aller a long time. It is advisable 
to add a condderable excess of dilute snlphuric acid, as this tends to 
increase the delicacy of the reaction, sulphate of lead being more insoluble 
in dilnte solphnric add than in water. The Separation of small quan- 
tities of sulphate of lead is best effected by evaporating, after the addi- 
tion of the sulphnric acid, as far as practicable on the water-bath, and 
then treating the reddue with water. Sulphate of lead is slightly 
soluble in oonoentrated nitric acid ; it dissolves with difficulty in boiling 
concentrated hydrochloric acid, but more readily in Solution of potassa. 
It disaolyes also pretty readily in the Solutions of some of the salts of 
ammonia, particnlarly in Solution of acetate of ammonia ; dUute sulphnric 
add predpitates it again from these Solutions. 

9. ChromaU of potassa produces in Solutions of salt of lead a yellow 
precipitate of ohromate of lead (Pb O, Cr O,), which is readily soluble 
in potassa, bat difficultly so in dilute nitric acid. 

10. If a mixtnre of a Compound of lead with oorftonoto of aoda is ex- 
poBod on a ^h^^iwinl support to the rediwin^ flame qfthe Nowpipe, soft 

X 2 
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malleable hetallio olobüles of lead are readilj prodnced, the oharcoal 
beooming oovered at the same time with a alight jellow incrastation of 

OXIDE OF LBAO. 

§ 118. 

RecapituIcUion cmd remarks, — The metallic oxides of the first division 
of the fifth group are most distinctlj characterized in their corresponding 
Chlorides ; since the different reactions of these Chlorides with water 
and ammonia afford as a simple means both of detecting them and of 
effecting their Separation from one another. For if the precipitate oon- 
taining the three metallic Chlorides is boiled with a somewhat large 
quantity of water, or boiling water is repeatedly poured over it on the 
filter, the chloride of lead dissolves, whilst the chloride of silver and the 
subchloride of meroury remain undissolved. If these two Chlorides are 
then treated with ammonia, the subchloride of mercury is converted 
into the black basio salt, insoluble in an excess of the ammonia, described 
in § 116, 5, whilst the chloride of silver dissolves readily in the am- 
monia, and precipitates from this Solution again upon addition of nitric 
acid. When operating upon small qnantities it is advisable first to expel 
the greater part of the ammonia by heat. In the aqueous Solution of 
chloride of lead the metal may be readily detected by sulphoric acid. 

8EC0ND DIVISION OF THE MORE OOMMON OXIDES OF THE FIFTH GROUP: 
OXIDES WHICH ARE NOT PRECIPITATED BT HTDEOCHLORIC ACID. 

Special Beactiona. 
§ 119. 

a. Oxide of Mercüry (HgO). 

1. Oxide of mercurt is generally crystalline, and has a bright red 
color, which upon reduction to powder changes to a pale yellowish-red ; 
the oxide precipitated from Solutions of the nitrate or firom Solutions of 
the chloride forms a yellow powder. Upon exposure to heat it tran- 
siently acquires a deeper tint ; at a dull red heat it is resolved into me- 
tallic mercury and oxygen. Both the crystalline and non-crystalline 
oxide dissolve readily in hydrochloric acid and in nitric acid. 

2. The SAi;rs of oxide of heroury volatilize upon ignition ; they 
suffer decomposition in this process ; chloride, bromide, and iodide of 
mercury volatilize unaltered. Most of the salts of oxide of meroury are 
colorless. The soluble neutral salts redden litmus-pai)er. The nitrate 
and sulphate of oxide of mercury are decoroposed by a large quantity 
of water into soluble acid and insoluble basie salts. 

3. Addition of a very small quantity of hydroauLpkwnc acid or 9vJr 
phide of aTnmoniwm produces in Solutions of oxide of mercury, afler 
shaking, a perfectly white precipitate. Addition of a somewhat larger 
quantity of these reagents causes the precipitate to aoquire a yeilow, 
orange, or brownish-red color, according to the less or greater proportioa 
add^ ; an excess of the precipitant produces a black precipitate of suir 
phide of mercurt (HgS). This progressive Variation of color from 
white to black, which depends on the proportion of the hydrosulphuric 
acid or sulphide of ammonium added, distinguishes the oxide of meroaij 
from all other bodies. The white precipitate which forms at fiist cod- 
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cf a doable oomponnd of talphide of mercuiy with the still unde- 
eompoaed portion of tha aalt of oxide of mercuiy (in a Solution of chlo- 
nde cf mercurjy finr instanoe, Hg Gl + 2 HgS) ; the gradually increasing 
•dmizture of Uiok talphide causea the preeipitate to pass through the 
ntvnl gndatuMia of oolor aboye mentioned. Sulphide of mercuiy is 
not dinolTed bj talphide of ammonium, oor by potaissa or Cyanide of po- 
tMrinm ; it 18 iJtogether insolable in hydroohloric acid and in nitric acid, 
efca upon boiling: It dissolvea completely in sulphide of potassium and 
nlphide of sodiomy in preeence of some caustio noda or potassa ; it 
k Ttadily deoomposed and dissoWed by nitrohydrochloric acid« In solu- 
nom of ozide of mercuiy oontaining a large exceas of concentrated 
minoml add, hydrosulphuiic add produoes a preeipitate only after addi- 
tionof wmter. 

4w F^/Ianok added in small quantity produoes in neutral or slightly acid 
loliitiQDS of ozide of mercury a reddish-brown preeipitate, which ao- 
ooires % yellow tint if the reagent is added in excess. The recUIish- 
mm» pfedpitate is a basio salt; the yellow preeipitate consists of 
OZIDB OV KEROUBT. An exccBS of the precipitant does not redissolve 
theae pceoipitatec In very acid Solutions tliis reaction does not take 
plaoe ftt all, or at leaat the predpitation is very incomplete. In presence 
of nlta of ammonia potassa produoes in Solutions of salts of oxide of 
nereiuy, inatead of reddish-brown or yellow, white precipitatea The 
pieeipitate thrown down by potassa from a Solution of chloride of mer- 
cuy oontaining an exoess of chloride of ammonium is of analogous 
eomposition to the preeipitate produced by ammonia (see 5). 

5. Ämmoniia produoes in Solutions of salts of oxide of mercury white 
preeipitatea quite analogous to those produced by potassa in presence of 
chloride of ammonium ; thus, for instance, ammonia precipitates from 
solutiona of ohloride of mercury a double Compound of chlobide of 
lOBcinnr ahd amidb or hkbcubt (HgCl + Hg N H^. 

6. FroioMoride of tin added in small qnantity to Solution of chloride 
of mercncy, or to Solutions of salts of oxide of mercury in preseuce of 
hjdroehlorio aeid, throws down subculobidb of xebcuby (2 HgCl -f Sn 
äs Hg^d 4- 8n Cl,). By addition of a larger quantity of the reagent the 
pon predmtated aubchloride is reduced to hbtal ( Hg, Cl + Sn Cl = Hg^ + 
SiiClJ. The predpitate, which was white at first, acquires therefore 
oow a gny tint, and may, after it has subsided, be readUy united into 
globolea of metallic mercury by boiling with hydrochloric acid. 

7. Tbe aalta of oxide of mercury show the same reaction as the salts 
<tf the anboxide with metallic oopper and when heated together with 
f^Acmaie of soda in a glass tube. 

§ 120. 

6. Oxide of Coppeb (CuO). 

L Mbtaujo ooppeb has a peculiar red color, and a streng lustre ; it 
^ modeiately hard, malleable, ductile, rather difficultly fusible ; in con- 
^ with water and air it becomee covered with a green crust of basio 
cirbonate of oxide of oopper ; upon ignition in the air it becomes coated 
9Hr with blaek oxide. In hydrochloric acid and dilute sulphuric add 
Hii inaolable or nearlj ao, eyen upon boiling. Nitric add dissolves the 
ttetel readily. Ccmoentrated sulphuric add oonverta it into sulphate of 
ttide of eofftir, with evolution of sulphuroua acid. 
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2. SuBOXiDB OF COPPEE is red, ita hydrate yellow ; both change to 
oxide upon ignition in the air. On treating the suboxide with dilute 
sulphuric acid metallic copper separates, whilst sulphate of oxide of 
copper dissolves ; ou treating suboxide of copper with hydrochloric acid 
white subchloride of copper is formed, which dissolves in an exoess of 
the acid, bat is reprecipitated from this Solution hj water. 

3. Oxide of ooppee is a black fixed powder ; its hydrate (Cu 0, H 0) 
is of a light blue color. Both the oxide of copper and its hydi-ate 
dissolve readily in hydrochloric, sulphuric, and nitric acids. 

4. Most of the neutral salts of oxide of copper are soluble in 
water ; the soluble salts redden litmus, and suffer decomposition when 
heated to gentle redness, with the exception of the sulphate, which can 
bear a somewhat higher temperature. Thej are usuallj white in the 
anhydrous State ; the hydrated salts are usually of a blue or green color, 
which their Solutions continue to exhibit even when much diluted. 

5. Hydro8ulph%m4: acid and mdphide of animonium produce in alka- 
line, neutral, and acid Solutions of salts of oxide of copper, brownish- 
black precipitates of sülphide of copper (CuS). This sulphide is 
insoluble in dilute acids. and caustic alkalies. Hot Solutions of sulphide 
of potassium and sulphide of sodium fail also to dissolve it or dissolve it 
only to a very trifling extent ; but it is a little more soluble in sulphide 
of ammonium. The latter reagent is therefore not well adapted to effect 
the perfect Separation of sulphide of copper from other metallic sulphides. 
Sulphide of copper is readily decomposä and dissolved by boiling nitric 
acid, but it remains altogether unaffected by boiling dilute sulphuric 
acid. It dissolves completely in Solution of Cyanide of potassium. In 
Solutions of salts of copper which contain an excess of a concentrated 
mineral acid hydrosulphuric acid produces a precipitate only after the 
addition of water. 

6. Potaaaa or aoda produces in Solutions of salts of oxide of copper a 
light blue bulky precipitate of htdratk of oxide of copper (CuO, 
H O). If the Solution is highly conpentrated, and the precipitant is 
added in exoes^ the precipitate tu ms black after the lapse of some time, 
and loses its bulkiness, even in the cold j but the change takes place 
immediately if the precipitate is boüed with the fluid in which it is 
suspended (and which must, if necessary, be diluted for the purpose). 
In this process the (CuO, HO) hydrated oxide is oonverted into the 
(3 CuO, HO) hydrated oxide. 

7. Ccvrlxmate ofsoda, produces in Solutions of salts of oxide of copper 
a greenish-blue precipitate of hydrated basic oarbonatb of copper 
(CuO, CO, 4- CuO, HO), which upon boiling changes to brownish-black 
hydrate of oxide of copper, and dissolves in animonia to an azure-bla^ 
and in Cyanide of potassium to a brownish fluid. 

8. Ammcnia added in small quantity to Solutions of neutral salts of 
oxide of copper produces a greeoish-blue precipitate, consisting of a 
BASIC SALT OF COPPER. ThiB precipitate redissolves readily upon farther 
addition of ammonia to a perfectly clear fluid of a ma^nificent azore- 
blue, which owes its color to the formation of a basic double salt Of 
AHMONio-oxiDE OF COPPER. Thus, for iustauce, in a Solution of Bulphftt<' 
of oxide of copper ammonia produces a precipitate of N H,, Ca O -f N ^^} 
SO,. In Solutions containing a oertain amount of free acid ammoni* 
produces no precipitate, but this azure-blue coloration makes its appea^ 
ance at once the instant the ammonia predominates. The blue oolof 
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to be peroeptible onlj in very dilnte Solutions. Potasaa produces 
in lach blna aolntiona in the cold, after the lapse of aome time, a preci- 
jntate 6£ blne hjdrate of oxide of copper ; bat npon boiling the fluid 
this reagant predpitates the whole of the copper as black hjdrated 
(udde. Garbonate of ammonia ahows the same reactions with salts of 
eopper as pore ammonia. 

9. Ferrocifanidö o/paUunum produces in moderatelv dilute Solutions 
a raddiflh-brown precipitate of ferroctanidb of copprb (Cu,, Cfy), 
wbioh is insolable in dilute acids, but suffers decomposition when acted 
npon bj potassa. In very highly dilute Solutions the reagent produces 
only a reddish ooloration of the fluid. 

10. MetaUie iron when brought into contact with conoentrated sola- 
tkms of salts of copper is almost immediately covered with a coppery- 
led ooating of metaluo copper ; very dilute Solutions produce this 
eoating only aller some time. Presence of a little free acid accelerates 
the reaotion. 

K a fluid oontaining copper and a little free hydrochloric acid is 
ponred into a small plcUinum diali (the lid of a platiuum crucible), and 
t small piece of zinc is introduced, the bright platinum surface speedily 
becomea covered with a coatino of copper ; even with very dilute Solu- 
tions this eoating is clearly discemible. 

11. If a mixture of a Compound of copper with carbonate of soda is 
ezpoaed od a charcoal support to the inner ßaine of tlie Uowpipe^ 
KRALLic oopper is obtained, without incruHtation of the charooaL The 
best method of freeing this copper from tbe particles of charcoal is to 
trituzute the fused mass in a soiall mortar with water, and to wash off 
the charcoal powder, when the coppery-red metallic particles will be 
left bebind. 

12. If copper, or some alloy containing copper, or a trace of a aalt of 
copper, or even simply the loop of a platinum wire dipped in a highly 
dilute oopper Solution, is introduced into the fiision zone of the gas 
ßame^ or exposed to the inner hlowpipe flame^ the upper or outer portion 
of the flame shows a magnificent emerald-green tint Addition of 
hydrochloric acid to the sample considerably heightens the beauty and 
deUcacy of this reaction. 

13. Borax and phosphcUe of soda and ammonia readily diasolve oxide 
of oopper in the outer gas- or blowpipe-flama The beads are green 
while hoty blne when cold. In the inner flame the bead produced with 
boraz appears colorless, that produced with phosphate of soda and 
ammonia turns dark green; both acquire a brownibh-red tint upou 
oooling. 

§ 121. 

e. Teroxidb of Bishüth (BiOJ. 

1. BiSMUTH has a reddish tin-white color and moderate metallic 
Instre ; it is of medium hardness, brittle, readily fusible ; fused upon a 
charcoal support it forms a eoating of yellow teroxide on the surface of 
the charcoal It di&tolves readily in uitric acid, but is nearly insoluble 
in hydrochloric acid and altogether so in dilute sulphuric acid. Concen- 
tmted sulphuric acid converts it into sulphate of teroxide of bismuth, 
with evolation of sulphurous acid. 

2. The TBBOZiDB OF BiSHUTH is a yellow powder, which transiently 
loqmrea ft deeper tint when heated. It fuses at a red heat. Hydrate 
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of teroxide of biamuth is white. Both the teroxide and iis bydrate 
disBolve readily in hydrochloric, sulphnric, and nitric acids. The grajosh- 
black binoxide of bismuth^ (BiO^) and the red 'bismuthic add (BiOJ 
are converted into teroxide bj ignition in the air. By heating with 
nitrio aoid they are oonverted into nitrate of teroxide of buBmotL 

3. The 8ALTS 07 TEROXIDE 07 B18HUTH are non-volatile ; most of 
them are decomposed at a red heat. Terchloride of bismuth ia volatile. 
The saltB of teroxide of bismuth are colorless or white ; some of them 
are sohible in water, others insoluble. The soluble salta in the neutral 
•täte redden litmua paper ; they are decomposed by a large quantity o£ 
water into insoluble basic salts, which separate, whilst the greater portion 
of the acid remains in Solution together with some teroxide of bismuth. 

4. Hydrostdphuric add and sidphide qfammonium produoe in neutral 
and acid Solutions black precipitates of tebsulphidb 07 bismuth (BiSJ, 
which are insoluble in dilute acids, alkalies, alkaline sulphides, and 
Cyanide of potassium, but are readily decomposed and disaolved by 
boiling nitrio acid. In Solutions of salts of bismuth which contain a 
oonsiderable exoess of hydrochloric or nitrio acid hydrosulphuric acid 
produces a precipitate only after the addition of water. 

5. Fotaasa and anwnonda throw down from Solutions of salts of bis- 
muth HTDBA.TE 07 TEROXIDE 07 BISMUTH 88 a whito precipitato, which 
is insoluble in an excess of the predpitant. 

6. CarbancUe of aoda throws down from Solutions of salts of bismuth 

BASIC CARBONATB 07 TEROXIDE 07 BISMUTH (BiO,, CO,), as a white 

bulky precipitate, which is insoluble in an excess of ihe preoipitant^ and 
equally so in Cyanide of potassiuuL 

7. Chromate of pokusa precipitates from Solutions of salta of bismuth 
CHROMATE 07 TEROXIDE 07 BISMUTH (BiO,, 2 CrO,) 88 a yellow powder. 
This substance differs from Chromate of lead in being readily soluble in 
dilute nitric acid and insoluble in potassa. 

8. Dilute eulpharie aeid falls to precipitate even only moderately 
dilute Solutions of nitrate of teroxide of bismuth. On evaporating 
with an excess of sulphuric acid on the water-bath to dryness, a white 
saline mass is left, which always dissolves readily and to a clear fluid in 
water acidified with sulphuric acid (characteristic diflerenoe between 
teroxide of bismuth and oxide of lead). After long standing (several 
days occasionally) basic sulphate of teroxide of bismuth (BiO^ 80^ + 
2 aq.) separates from this Solution in white microsoopic needie-shaped 
cryRtals, which dissolve in nitric acid. 

9. The reaction which characterizes the teroxide of bismuth more 
particularly is the decomposition of its neutral salts by uxUer, which 
IS attended with Separation of insoluble basic salts. The addition. of s. 
large amount of water to Solutions of salts of bismuth causes the imme- 
diate form^tion of a dazzling white precipitate, provided there be oot 
too much free acid present. This reaction is the most sensitive with 
terchloride of bismuth, as the basic chloride 07 bismuth (BiCl,) 
2 Bio,) is almost absolutely insoluble in water. Where water &ilsto 
precipitate nitric acid solutions of bismuth, owing to the preeenoe of too 
much free acid, a precipitate will almost invariably make its appearanoe 
immediately upon addition of Solution of chloride of sodium. Presence 
of tartaric acid does not interfere with the preoipitation of bismuth 
Solutions by water. 

10. If a mixture of a Compound of bismuth with oarbonate qf aoda 
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OD ft charooal sapport to the reducing ßame, brittle olobules 
or BttMUiH an obtainedy which flj into pieoes ander the stroke of a 
büiiiiMr. The charcoal becomea covered at the same time with a slight 
inernstation of tsboxidb of bismuth, which ia orange-colored whilst 
hot^ yellow when oold. 

§122. 

d. OxiDB 07 Cadmiüm (CdO.) 

1. MiTALUO CADMiUM has a tin-white color ; it ia liustrotis, not yerj 
hardy maUeable, ductile ; it fuaes at a temperature below red heat, and 
TOlatlliaBaat a temperatore aomewhat above the boiling point of mercniy, 
and maj aooordingly easily be sublimed in a glass tube. Heated on 
daicoal before the blowpipe it takes fire and bums, emitting brown 
finneB of ozide of oadmium, which form a coating on the charcoal. 
Hjdxochlorio acid and dilute aulpharic acid dissolve it, with evolution of 
hjdrogen ; bnt nitrio acid diaeolvee it most readilj. 

5. OxiDl 07 CADMIUM is a yellowiah- brown, fixed powder ; its hydrate 
11 white. Both ihe oxide and its hydrate dissolve readily in hydrochlorio, 
nitric, and snlphurio acida. 

3. The 8ALT8 07 OXIDE 07 OADMIXJM are colorless or white ; some of 
ihem aro aolable in water. The soluble salts in the neutral State redden 
litinii»-paper, and are decomposed at a red heat 

4. Hydromdphiwric ocie^ and sulphide o/cMnmonium produce in alkaline, 
seatral, and acid aolutions of salts of cadmium, bright yellow precipitatea 
of BüLFHiDE 07 OADMiUM (Cd S), which are insoluble in dilute aoids, 
alkaliee» alkaline snlphides, and Cyanide of potassiuui (difference from 
eopper). They are readily decomposed and dissolved by boiling nitric 
tdd, aa well as by boiling hydrochloric acid and by boiling dilute sul- 
phnrio aeid (difference between cadmium and eopper). In solutions of 
adta of oadmiiun oontaining a large excess of acid, hydrosulphuric acid 
prodiioea a precipitate only afber dilution with water. 

6, Pakuaa and 9oda produce in Solutions of salts of cadmium white 
pteipitatea of hydbate 07 oxide of cadmium (CdO, HO), which are 
inflolnble in an excess of the precipitants. 

6. Ämimoma likewise precipitates from Solutions of salts of cadmium 
white HYDRATE 07 OXIDE 07 CADMIUM, whlch however rediHsolves readily 
and oompletely to a colorless fluid in an excess of the precipitant. 

7. Carbanale of soda and oarbonate of ammxmia produce white pre- 
dpitatea of carbonate 07 cadmium (CdO, CO,), which are insoluble in 
an ezoeas of the precipitants. The presence of salts of ammonia does 
not prevent the formation of these precipitates. The precipitated car- 
bonate of cadmium dissolvee readüy in Solution of Cyanide of potassium. 
Krom dilute aolutions the precipitate separates only after some time. 

& If a mixture of a Compound of cadmium with carbonate of soda im 
expoeed on a oharooal support to the reducing ßame, the charcoal bocomea 
covered with a reddiah-brown coating of oxide 07 cadmium, owing to 
the instant TolatUization of the reduoed metal and its subsequent re- 
oxidation in paasing through the oxidizing flame. The coating is seen 
most diatinctly after oooling. 

§123. 

RecapUuUuion and remarka, — ^The perfect Separation of the metallio 
Oxides of the aeoond division of the fifch group from suboxide of mercuiy 
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and oxide of silver maj, as already stated, be effected hj means of hjdro- 
ohlorio acid ; butthis agent fiedls to separate tliem completely from oxide 
of lead. Traces of sali of oxide of morcury, whioh are at first retained 
by the precipitated chloride of silver bj surface attraction, are di&solved 
out completelj hy washing (G. J. Mulder). The oxide of mercury is 
distinguished from the other oxides of this division by the insolubility 
of the oorresponding sulphide in boiÜDg nitric aoid. This property 
affords a convenient meaus for its Separation. Only care must always be 
taken to free the sulphides oompletely by washing from all traces of hydro- 
chloric acid or a chloride that may happen to be present, before pro- 
ceeding to boil them with nitric acid. Moreover, the reactions with 
protochloride of tin or with metallic copper, as well as those in the dry 
way, will, after theprevious removal of the suboxide, always readily indi- 
cate the presence of oxide of mercury. When the meist way is chosen, 
the sulphide of mercury is dissolv^ most conveniently by heating it 
with hydrochloric acid and a few crystals of chlorate of potassa. 

From the still remaining oxides the oxide of lead is separated by addi- 
tion of sulphuric acid. The Separation is the most complete if the fluid, 
afber addition of dilute sulphuric acid in excess, is evaporated on the 
water-bath, the residue diluted with water, slightly acidified with sul- 
phuric acid, and the undissolved sulphate of lead filtered off immediately. 
The sulphate of lead may be further examined in the dry way by the 
reactiou described in § 117, 10, or also as follows : — Pour over a small 
portion of the sulphate of lead a little of a Solution of Chromate of potassa, 
and apply heat, which will convert the white precipitate into yellow 
Chromate of lead. Wash thii^ add a little Solution of potassa or soda, 
and heat ; the precipitate will now dissolve to a clear fluid ; by acidifying 
this fluid with acetic acid, a yellow precipitate of Chromate of lead will 
again be produced. After the removal of the oxides of mercury and 
lead, the teroxide of bismuth may be separated from oxide of copper and 
oxide of cadmium by addition of ammouia in excess, as the latter two 
oxides are soluble in an excess of this agent If the filtered precipitate 
is dissolved in one or two drops of hydrochloric acid on a watchglass, aud 
water added, the appearance of a milky turbidity is a confirmation of the 
presence of teroxide of bismuth. — The presence of a notable quantity of 
oxide of copper is revealed by the blue color of the ammoniacal Solution ; 
smaller quantities are detected by evaporating the ^ammoniacal Solution 
nearly to dryness, adding a little acetic acid, and then ferrocyanide of 
potassiüm. The Separation of oxide of copper from oxide of cadmium 
may be effected by acting on the sulphides with Cyanide of potassiüm or 
with boiling dilute sulphuric acid (5 parts of water to 1 part of conoen- 
trated sulphuric acid). The Solution obtained of the two sulphides w 
then precipitated by hydroeulphuric add, and the precipitate separated 
from the fluid by decantation or filtration. On treating the precipitate 
now with some water and a small lump of Cyanide of potassiüm, the 
sulphide of copper will dissolve, leaving the yellow sulphide of cadmium 
undissolved in the reüidue. By boiling the precipitate of the mixed sul- 
phides, on the other band, with dilute sulphuric acid, the sulphide of 
copper remains undissolved, whilst the sulphide of cadmium is obtained 
in Solution. Hydrosulphuric acid will therefore now throw down froffl 
the flltrate yellow sulphide of cadmium (A. W. Uofmakn). 
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SjpmU Reaetiom t/the rarer Oxida oftheßfth gnmp, 

§124. 
o. Pbotoxidi OF Palladium (PdO). 

PaIiLAOIüv h a nn meuü. It is found in the metallic sUte, occanonally alloyed 
with gold aod mirvr, but mora pArticularljr in pUtinum ores. It greatljr resemhle« 
platianm, bat ii ■omewbat darker in oolor. It fiuei with great difiioulty. Heated in 
tl» air to doli ndntem it beoome« covered with a blue film : but it recovera its light 
oolor and metallic lustre upoo mon intense ignition. It is Bparingly soluble in pure 
Bitiio add, bat diaoolveo oomewhat more readily in nitric acid coutaining nitrous acid ; 
it diMohree Tery iparingly in boiling ooncentrated sulphuric acid, but readily in nitro- 
bydroehlorie aod. It oombineo with 1 and 2 eq. of oxygen to protoxide and binoxide. 
PlOTOZIDB OF PALLADIOM iB black, it« hydrate dark-brown ; both are by intense igni- 
tion reaolfod into oxygen and metallic palladium. Binoxide of Palladium (JPdO,) 
u Uaok ; by beating with dllute hydrochlorio acid it ia dissolved to protochloride, with 
ofolation of dilorine. The balts of protoxide of Palladium are mostly soluble in 
water ; they are brown or reddish-brown ; their ooncentrated Solutions are reddish- 
brown, tbeir dilute lolutions yellow. Water precipitates from a Solution of nitrate of 
protoxide of palladium oontaining a slight excess of acid a brown- colored basic salt. 
Tlie oxygen salta, as well as the protochloride, are decompoeed by ignition, leaying 
metallic palladium behind« Ifydrosulpkuric acid and sulphide of ammanium throw 
down from acid or neutral Solutions of salts of protoxide of palladium black proto- 
nlphide of palladium, which dissolves neither in sulphide of ammonium nor in boiling 
hydrochlorio acid, and with difiicultv in boiling nitric acid, but readily in nitrohydro- 
eoloric acid. From the Solution of the protochloride poUuna precipitates a brown 
bMc HÜt^ eolable in an excess of the precipitant ; ammonia flesh-colored amnumith 
froioddaride of palladium (Pd Cl, N H,) ; Cyanide of mcrcury yellowish- white geU- 
tinoos protaeifanide of palladium^ soluble in hydrochloric acid and in ammonia (this 
reutioo is particalarly characteristic). ProtodUoride of tin produces, in absence of 
free hydrochloric acid, a brownish- black precipitate; in presence of free hydrochloric 
aod» a red-colored Solution, which speedily tums brown and ultimately green, and 
spon addition of water brownish-red. Sulphate of protoxide of iron prnduces a deposit 
orpaUadinm on the sides of the glass. Jodide of potaasium precipitates black prot- 
kxnde of palladium (this reaction also is very characteristic). Cldoride of potatsiunk 
precipitates from highly ooncentrated soluüons of protoxide of palladium potassio- 
protocbloride of palladium (KCl, PdCl), in the form of golden-yellow needles, which 
disMilTO readily in water to a dark-red fluid, but are insolubie in absolute alcohol. 

(. Sbbquioxide of Rhodium (H,0,). 

RbodiüIC ie found in small quantity in platinum ores. It is a steel-gray hard and 
brittle metaL It occurs also as a gray powder. In this latter State it is converted 
by ignition in the air into protoxide (K O), then into protosesquioxide ; but upon 
more intense ignition it again loses the absorbed oxygen. None of the acids dissulve 
riiodiom ; eren in aqua regia this metal is soluble only when alloyed with platinum, 
coMMr, &0., but not when alloyed with gold or silver. Fusing hydrate of phosphoric 
aoid aod foaing bisulphate of potassa dSsolve it to salt of sesquioxide. Sesquioxide 
of RHODIUM is black, its hydrate greenish-gray or brown ; it is insolubie in acids, but 
diüsolres in fusing hvdrate of phosphoric acid and in fusing bisulpliate of potassa. The 
lolatioM are rose-red. HyänmUphuric acid and sulphide of ammonium precipitate on 
kng-oontinued action, more particularly with the aid of heat, brown sulphide of rh)- 
iimOf which is insolubie in sulphide of ammonium, but dissolves in boiling hydrochlorio 
and nitric acids. Hydrate ofpotaua precipitates brown hydrate only on boiling. If 
loine alcohol isaddecito the Solution made alkaline by potassa, rhodium shortly preci- 
pitates as a black powder ; in presence of a larger excess of potassa the rhodium takes a 
toflger time to separate. Ammonia produces after some time a yellow precipitate, 
■olofc^ in hydrochlorio acid. Zinc precipitates black metallic rhodium. All solid 
rhodium Compounds give by ignition in hydrogen rhodium in the metallic State, which 
is weil characterized by its insolubility in aqua regia, its solubility in fusing bisulphate 
of potassa» and the reaction of this Solution with potassa and alcohol. 

c. Oxides of Obmium. 

Osmium is a rare metal ; it is found in pUtinum ores as a native alloy of osmium 
•ad Iridium. It is generally obtained as a black powder, or gray and with meuUio 
loitre ; it is infusiblc The metal, the pbotoxidb (OsO), and the BuroxiDE (Os 0,) bum 
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readily when heated to redness in theair, and giye OSMIO acid (Ob 0^), which yolatilizes 
«nd makes its preeence speedily known by its peculiar exceedingly irritatiDg and ofifensive 
sroell, reBembting that of cblorine and iodine (highly characteristic). If a little osmium 
on a Strip of plaünum plate is keld in the outer manüe of a gag or cUcohol ßamCf at 
half heighty the flame booomes moBt strikinzly luminous. Even minute traces of 
osminm may by this reaction be detected in alloys of iridinm and osminm ; but the 
reaction b in that case ooly momentary ; it may however be reproduced by holding 
the sample fint in the reduomg flame, then again in the outer mantle. Niiric acid^ 
more partioolariy red füming nitrio add, and aqua regia dissolve oemium to oemio 
add. Application of heat promotes the Solution, which is however attended in 
that case with rolatiliaation of oemio add. Very intensdy ignited oemium is in- 
Boluble in adds. It is fused with nitrate of potassa, and the fuMd mass distilled with 
nitric acid ; the osmio acid is foand in the distillate. By heating oemium in dUorine 
g<u Yolatile green protochloride of oemium and still more volatile red bichloride of 
osmium are formed. Biohloridi or osmium in Solution is rapidly decomposed, if no 
alkaJine chloride is present, intohydrochloric add, osmio add, and osmium metal. AU 
oemium Compounds ^e osmium metal by ignition in a ourrent of kydrogen g<u. An- 
hydrous osmio aoid is white, crystallioe, fusible by genüe heat ; it boils at about 212° 
f ahrenheit ; the fumes have a most irritating aotion upon the nose and eyes. Heated 
with water osmic add fuses, and dissdves only slowly. The Solution has scarcely add 
reaction; it has a strong irritating and offensive smell. Älkalies oolor the Solution 
yellow and remove the smell, whidi however is immediately restored by heating with 
nitric add or bydroohloric add ; by heating in a distilling apparatus the oemio add is 
obtained in the distillate (most characteristic). In the evaporation of a Solution of 
osmate of alkali, OSMOUS AOn> (Os O.) is formed, more particularly in presence of an 
ezoess of alkalL Addition of alcohoi promotes the reduction. Uydrosulphuric arid 
predpitates brown tetrasolphide of osmium, which s^Mirates only in presence of a 
stronger free add ; the predpitate does not dissolve in sulphide of ammonium. 
Nitrite oftoda imparts to oemium sdntioos a deep blue-violet tint, and the fluid gra- 
dually depodts black ossnum. Sulfkatt of protoxide of iron throws down black 
osmium ; formie acid produoes the same predpitate ; ztne also and many other metals 
in presence of a stronger free add. Potassio-biohlobidk of osmium dissolves vc^ry 
sparingly in cold, a litUe more readily in bot water ; it is insoluble in spirit of wine ; 
the Solution in water aoquires a deep blue tint by heating with tannie acid (charac- 
teristic) ; formaU of 9oda, predpitates black osmium upon application of heat. 

d, Oxides of RuTHSinuM. 

BuTiUEMiUM is found in small quantity in platinum ores. It is a grayish-white 
brittle and very difficultly fusible metal It is barely acted upon by aqua regia ; 
fusing bisulphate of potassa falls altogether to affect it. By ignition in the air it is 
converted into bluish-black sesquioxide of ruthenium (Ru^Og), insoluble in adds ; by 
ignition with chloride of potassium in a current of chlorine gas into potassio-sesqui- 
cnloride of ruthenium ; by fusion with nitrate of potassa, with hydrate of potassa, or 
with chlorate of potsjsa, into rhutenate of potassa (KO,RuOg). The fused mass 
obtained in the latter case is greenish- black, and dissolves to an orange-colored fluid, 
which tinges the skin black, from causing reduction and Separation of black oxide» 
Adds throw down from the Solution black oxide, which dissolves in hydrochloric acid 
to an orange-yellow fluid. This Solution is resolved by heat into hydrochloric acid 
and brownish-blaok oxide. In a concentrated State it gives with chloride of potassium 
and chloride of ammonium crystalline gloHsy-violet predpitates, which on boiling with 
water depodt bladL oxyprotochloride. Potana predpitates black hydrate of sesqui- 
oxide^ of ruthenium, which is insoluble in älkalies, but dissolves in adds. ffydrotul- 
phtirie (uid gat causes at first no alteration ; but after some time the fluid acquires an 
aiure-blue tint, and deponts brown sulphide of ruthenium (very characteristic). 
ßulphide of ammaniitm produces browaisli-black predpitates, barely soluble in an 
eixcess of the predpitant. Sulphocyanide of potasdum produces — in the absence of 
other metals of the platinum ores — after some time a red coloration, which gradually 
changes to pnrple-red, and upon heating to a fine violet tint (very characteristic). 
Zine produoes at first an azure-blue coloration, which subseqnently disappears, ruthe- 
nium being depodted at the same time in the metallic State. 
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§ 125. 
8IXTH OBOITP. 

More oommon ozides of the sixth gronp : — ^Teboxidb of Gold, 
BiHoxiDS or Platinüm, Pbotoxidb of Tin, Binoxide of TiNf 
Tbboxids of Ahtimovt, Arsenious Acid akd Arsemic Aoid. 

Barer ozideB of the sixth group : — Oxides of Ibidium, Moltbdenvm, 
TvwQffm, Tellubium, Selemiux. 

Tlie higher oxidee of the elements belonging to the sixth group are 
ill of them more or leas stronglj pronounced acida. But we olass them 
here with the basea, as they cannot well be separated from the lower 
degreea of oxidation of the aame elements, to which they are very 
cloeely allied in their reactions with hydrosulphuric acid. 

Properties of the group, — ^The sulphides corresponding to the oxides of 
the sixth group are insoluble in dilute acids. These combine with alka- 
line sulphides to soluble sulphur saltH, in which they perform the part of 
the acid. Hydrosulphuric acid precipitates these oxides therefore, like 
those of the fifth group, completely from acidified Solutions. The preci« 
pitated sulphides differ however from those of the fifbh group in this, 
that they dissolye in sulphide of ammonium, sulphide of potassium, dca, 
and are reprecipitated from these Solutions by addition of acids. 

We divido the more oommon oxides of this group into two classes, 
and distinguishy 

1. Oxides whose cobrespondino sulphides abe insoluble in htdbo- 
OHLOBio aoid AlfD IN NiTBio ACID, and are reduced to the metallic state 
upon fusion in conjunction with nitrate and carbonate of soda : viz., 
txboxidb of gold and binoxide of platinum. 

2. Oxides whose oobbespondiko sulphides abe soluble in boilino 
HTDBOCHLOBio ACID OB NITBIO ACID, and are upon fusion with nitrate and 
carbonate of soda converted into oxides or acids, which then combine 
with the soda : viz., Teboxide of antimont, pbotoxide and binoxide of 

ns, AB8KNI0U8 and ABSENIO ACIDS. 

FIB8T DIVISION. 

Special Reactione, 

§ 126. 

o. Teboxide of Gold (AuO,). 

1. Mbtaluo GOLD has a reddish-yellow color and a high metallic 
lostre : it is rather soft, exceedingly malleable and ductile, difficultly 
fnsible ; it does not oxidize upon ignition in the air, and is insoluble in 
hydrochloric, nitric, and sulphuric acids ; but it dissolves in fluids con- 
taining or evolving chlorine, e.^., in nitrohydrochloric acid. The Solu- 
tion contaios tercUoride of gold. 

2. Teboxide of gold is a blackish-brown, its htdbate a chestnut- 
brown powder. Both are reduced by light and heat, and dissolve 
readily in hydrochloric acid, but not in dilute oxygon acids. Concen- 
trated nitric and sulphuric acids dissolve a little teboxide of gold; 
water reprecipitates it from these Solutions. Pbotoxide of gold (AuO) 
is violet-black ; it is decomposed by heat into gold and oxygen. 

3. SALTg OF GOLD with oxygon aoids are nearly onknowiL The 
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HALOID SALTS of gold are yellow, and tbeir Solutions continue to exhibit 
this color up to a high degree of dilution. The whole of them are 
readily decomposed by ignition. Neutral Solution of terchloride of gold 
reddens litmus-paper. 

4. Hydrosulphuric ctcid precipitates from neutral or acid Solutions of 
gold the whole of the metal, from cold Solutions as black tersulphide 
OF GOLD (AuSJ, from boiling Solutions as protosulphide of gold 
(AuS). The precipitates are insoluble in bydrochloric acid and in nitric 
acid, but soluble in nitrobydrochloric acid. They are insoluble in color- 
less sulphide of ammonium, but soluble in yellow sulphide of aromo- 
nium, and more readily still in yeUow sulphide of sodium or sulphide of 
potassium. 

5. Sulphide qfammonium precipitates brownish-black tersulphide of 
GOLD (AuS,), which redissolves in an excess of the precipitant only if 
the latter contains an excess of sulphur. 

6. Ämmonia produces, though only in concentrated Solutions of gold, 
reddish-yellow precipitates of aürate of ammonia (fulminating gold). 
The more acid Üie Solution and the greater the excess of ammonia added 
the more gold remains in Solution. 

7. Protochloride of tin oontaining an admixture of hichloride (which 
may be easily prepared by mixing Solution of protochloride of tin with 
a little chlorine-water), produces even in extremely dilute Solutions of 
gold, a purple-red precipitate (or coloration at least), which sometimes 
inclines rather to violet or to brownish-red. This precipitate, which has 
received the name of pvrplb of cassiüs, is insoluble in bydrochloric 
acid. It is assumed to be a hydrated Compound of binoxide of tin and 
protoxide of gold with protoxide and binoxide of tin (Au O, Sn 0, 4- Sn 0, 
SnO, + 4HO). 

8. Salta of protoxide of iron reduce the teroxide of gold in its Solu- 
tions, and precipitate metaluc gold in form of a most minutely divided 
browu powder. The fluid in which the precipitate is suspended appears 
of a blackish-blue color by transmitted light The dried precipitate 
shows metallio lustre when pressed with the blade of a knife. 

9. Potassa or soda added in excess tp a Solution of terchloride of gold 
leaves the fluid clear ; upon addition of tannic acid a deep black preci- 
pitate of protoxide of gold (AuO) separates, which subsides oompletely 
after some time. 

§ 127. 

6. Binoxide of Platinum (PtOJ. 

1. Metallio platinum has a light steel-gray color ; it is very lus- 
trous, moderately hard, very difficultly fusible ; it does not oxidize upon 
ignition in the air, and is insoluble in bydrochloric, nitric, and sulphurio 
aoids. It dissolves in nitrobydrochloric acid, especially upon heating. 
The Solution contains bichloride of platinum (PtClJ. 

2. Binoxide of platinum is a blackish-brown, its hydrate a reddish- 
brown powder. Both are reduced by heat ; they are both readily 
soluble in bydrochloric acid, and difficultly soluble in oxygen acids. 
The HYDRATE OF PROTOXIDE OF PLATINUM (PtO) is black ; it is by igni- 
tion reduced to the metaUic State. 

3. The 8ALT8 OF BINOXIDE OF PLATINUM are dccomposed at a red heat. 
They are yellow. Bichloride of platinum is reddish-brown, its Solu- 
tion reddLh-yellow, which tint it retains np to a high degree of dilu- 
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tioiL The Solution reddens litmns-paper. Exposure to a very low red 
heat oonvertB btchloride of platiuum to protochloride (PtCI); applica- 
tion of A stronger red heat reduoes it to the metallio state. Solution of 
biohloride of platmum containing protochloride has a deep dark browu 
color. 

4. Hydrondphurie acid tHrowB down from acid and neutral Solutions, 
bat always only afterthe lapse of some time, a blackish-brown precipitate 
of BI8ULPHIDS OF PLATiinJM (PtSA If the Solution is heated after the ad- 
dition of the hydrosulphuric acid the precipitate forms immediatelj. It 
disaolTes in a great excess of alkaline sulphides, more particularly of the 
higher degrees of snlphuration. Bisulphide of platinum is insoluble in 
hydroehloric aoid and in nitric acid ; but it dissolvee in nitrohydrochloric 
add 

5. SUlphide of ammonium produces the same precipitate ; this redis- 
lolvea oompletely, thoagh slowly and with difficulty, in a large excess of 
tiie precipitant if the latter contains an excess of sulphur. Acids re- 
preeipitate the bisulphide of platinum unaltered from the reddish-brown 
lohition. 

6. ChloTide ofpotasHum and chlaride of ammonium (and accordingly of 
coune also potassa and ammonia iu presence of hydroehloric acid) pro- 
daoe in not too highly dilate Solutions of bichloride of platinum yellow 
erystalline precipitates of potasbio and ahmokio-bichloride of pla- 
Tnruify which are as insoluble in adds as in water, but are dissolved by 
heating with Solution of potassa. From dilute Solutions these precipi- 
tates are obtained by evaporating the fluid mixed with the precipitants 
on the water-bath to dryness, and treating the residue with a little 
water or with dilute spirit of wine. Upon ignition ammonio-bichloride 
of platinum leayes spongy platinum behind. Potassio-bichloride leaves 
platinum and chloride of potassiam. The deconiposition of the latter 
Compound is complete only if the ignition is effected in a current of 
hydrogen gas or with addition of some oxalic acid. 

7. Protochloride of tin imparts to Solutions of bichloride of platinum 
containing much free hydroehloric acid an inteosely dark brownish-red 
oolor, owing to a reduction of the bichloride of platinum to simple 
Chloride. But the reagent produces no precipitate in such Solutions. 

8. SfdphcUe of protoodde of iron does not precipitate Solution of bi- 
chloride of platinum, except upon very long-continued boiling, in which 
case the platinum ultimately suflers reduction. 

§128. 

Reettpiiulaiion and remarks. — The reactions of gold and platinum 
enable us^ at least partially, to detect these two metals in the preseuoe 
of many other oxides, and more particularly where platinum and gold 
are present in the same Solution. In the latter case the Solution is most 
cODYeniently evaporated to dryness at a gentle heat with chloride of 
ammonium, and the residue treated with spirit of wine, in order to ob- 
tain the gold in Solution and the platinum in the residue. The precipi- 
tate will thus give platinum by ignition, and the gold may be precipi- 
tated from the soluüon by sulphate of protoxide of iron, aiter removing 
the spirit of wine by evaporation. 
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SEOOND DIVISION OF THB 8ULTH GUOUP. 

J^l)ecial EeacUaiu, 
§ 129. 

a. PROtoxiDE OF TiN (Sn O). 

1. TiN Las a light grayish- white oolor and a high metallio lostre ; it 
is soft and malleable ; when bent it produoes a crackling sound. Heated 
in the air it absorbs ozjgen and is converted into grayish-white binoxide ; 
heated on charcoal before the blowpipe it forms a white coating on the 
BUpport. Concentrated hydrochloric acid dissolves tin to protochloride, 
with evolution of hydrogen gas ; nitrohydrochloric acid dissolves it, 
according to circumstances, to bichloride or to a mixture of proto- and 
bichloride. Tin dissolves with difficulty in dilute sulphuric acid ; con- 
centrated sulphnrio acid converts it^ with the aid of heat, into sulphate 
of binoxide; moderately concentrated nitric acid oxidizes it readily, 
particularly with the aid of heat ; the white binoxide formed (hydrate 
of metastannic acid, Sn 0, 2 HO) does not redissolve in an excess of the 
acid. 

2. Pbotoxidb of TIN is a black or grayish-black powder ; its hydrate 
is white. Protoxide of tin is rednced by fasion with Cyanide of potas« 
fdum. It is readily solable in hydrochloric acid. Nitric acid oonverts 
it into hydrate of metastannic acid which is insoluble in an excess of 
the acid. 

3. The 8ALT8 of protoxidb of TIN are colorless ; they are deoom- 
posed by heat The soluble salta, in the neutral State, redden litmns- 
paper. The salts of protoxide of tin rapidly absorb oxygen £rom the 
air, and are partially or entirely converted into salts of binoxide. Proto- 
Chloride of tin, no matter whether in crystals or in Solution, also absorbs 
oxygen from the air, which leads to the formation of insoluble oxy-pro- 
tochloride of tin and bichloride of tin. Hence a Solution of protochloride 
of tin becomes speedily turbid if the bettle is often opened and there is 
only little free acid present ; it is thei*efore only quite recently prepared 
protochloride of tin which will completely dissolve in water free &om 
air, whilst crystals of protochloride of tin that have been kept for any 
time will dissolve to a clear fluid only in water containing hydrochloric 
acid. 

4. Hydro8ulphti/rie cund throws down from neutral and acid Solutions 
of salts of protoxide of tin a dark brown precipitate of hydrated proto- 
SULPHIDE of TIN (Sn S), which is insoluble, or nearly so, in protosul- 
phide of ammonium, but dissolves readily in the higher yeUow sulphide. 
Acids precipitate from this Solution yellow bisulphide of tin, mix^ with 
sulphur. Protosulphide of tin dissolves also in Solution of soda or 
potassa. Acids precipitate from these Solutions brown protosulphide. 
^oiling hydrochloric acid dissolves it, with evolution of hydrogen ; boil- 
ing nitric acid converts it into iDsoluble hydrate of metastannic acid 
Alkaline Solutions of protosalts of tin are not, or at least only imper- 
fpctly, precipitated by hydrosulphuric acid. Presence of a very large 
quantity of free hydrochloric acid may also prevent precipitation of 
Solutions of salts of protoxide of tin by hydrosulphuric acid. 

5. Sulphide of ammonium produces the same precipitate of hydrated 

PROTOSULPHIDE OF TIN. 



BINOXIDE OF TIN. 129 

6. PoiatM, ModOy amimonia, and carbanatea of the alkcUies, produce in 
lolationa of nJtsof protozide of tin a white bulkj prccipitate of hydratb 
or PBOTOXIDE OF TIN (Sn O, H O), which redissolves readily in an excess 
of potaasa or aoda, but ia insoluble in an excess of the other precipitants. 
If Üie Solution of hjdrate of protoxide of tin in potassa is briskly evapo- 
nted a Compound of binoxide of tin and potassa is fornied, which remains 
in Solution, whilst metallio tin precipitates ; but upon evaporatiog slowlj 
erjatalline anhjdrous protoxide of tin separates. 

7. Terehlaride qf gold produces in Solutions of protochloride of tin 
and in Solutions of salts of protoxide of tin mixed with hydro- 
chlorio add, upon addition of some nitrio acid (without application of 
beat), a predpitate or coloration of pubple of cassius. (Compare 
§ 126. 7.) ^ 

8. Solution of cUoride of mercuri/y added in excess, produces in solu- 
tiona of protochloride or protoxide of tin a white precipitate of sub- 
CHLORIDE OF MEBCUBT, owiug to the protosalt of tin withdrawing froni 
the Chloride of mercury half of its chlorine. 

9. If a fluid oontaining protoxide or protochloride of tin is added to a 
mixture otjerricyanide qf potoMium and sesquichlaride of iron a preci- 
pitate of Fruanan lilue separates immediately, owing to the reduction 
of the ferricyanide (Fe.Cfdy) to ferrocvanide (Fe^Cfy,). (Fe.Cfy/) 
+ 2 H Cl -I- 2 Sn Cl = Fe^ Cfy + H Cfy + 2 Sn Gl,). This reaction is ex- 
tremely delicate, but it can be held to be decisive only in cases where no 
other reducing agent ia present * 

10. If Compounds of protoxide of tin, mixed with carhonate of soda 
and aome horax^ or, better still, with a mixture of equal parts of car- 
honate qf 8oda and Cyanide of potasdum, are exposed on a charcoal 
Bopport to the inner blotopipeflaine malleable graina of metaluc tin are 
ohtained. The best way of making quite sure of the real uature of these 
grains ia to triturate them and the surrounding parts of charcoal with 
water in a small mortar, pressing heavily upon the mass ; then to wash 
the charcoal off from the metallic particles. Upon strongly heatiug the 
grains of metallic tin on a charcoal support the latter becomes covcred 
vith a coating of white binoxide. 

§ 130. 

h. Binoxide op Tin (SnO,). 

1. BufOXiDE OF TIN is a powder varying in color from white to straw« 
yellow, and which upon heating transiently assumes a brown tint. It 
forms two different series of Compounds with acids, basen, and water. 
The hydrate precipitated by alkalies from Solution of bichloride of tin 
disBolves readily in hydrochloric acid ; whilst that formed by the action 
of nitric add upon tin — hydrate of metastannic acid — remains undis- 
aolved. But if it is boiled for some time with hydrochloric acid it takes 
up acid ; if the excess of the acid is then poured off, and water added, a 
clear Solution is obtained. The aqueous Solution of the common bichlo- 
ride of tin is not precipitated by concentrated hydrochloric acid, whilst 
that acid produces in the aqueous Solution of the metastannic chloride a 
white precipitate of the latter Compound. The Solution of the common 
bichloride of tin is not colored yellow by addition of protochloride of 
tin, as is the case in a remarkable degree if the Solution contaius meta- 

• 2(Fe,Cfdy)=Fe^Cfy^; for Cfdy = C„ N. Fe, = 2 Cfy. 
L K 
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stannio chloride (Löwekthal). The dilute Solutions of botb Chlorides of 
tin give upon boüing precipitates of the hydrates oorresponding to the 
Chlorides. 

2. The 8ALT8 OF BiNOzmB OF TUT are colorless. The soluble salts 
are decomposed at a red heat ; in the neutral state thej redden litmus 
paper. Bichlmde of tin is a Yolatile liquid, stronglj fuming in the 
air. 

3. Hydrosulphuric aäd throws down from all acid and neutral sola« 
tions of salts of binoxide of tin, particularlj upon heating, a white floc- 
culent precipitate if the Solution of the binoxide is in excess ; ^fa/inUy 
yeUow precipitate if the hydrosulphurio acid is in excess. The former 
(the white precipitate) may safely be assumed, in the case of a Solution 
of bichloride of tin, to consist of a mixture of bichloride and bisulphide 
of tin (it has not however as yet been analysed) ; the latter (the yellow 
precipitate) oonsists of hydrated bisulphidb of tin (Sn S,). Alkaline 
Solutions are not precipitated by hydrosulphurio acid ; presenoe of a 
very large quantity of hydrochloric acid can also prevent precipitation. 
The bisulphide of tin dissolves readily in potassa or soda, alkaline sul- 
phides, and concentrated boiling hydrochloric acid, as also in aqua regia. 
It dissolves with some difficulty in pure ammonia, and is nearly inso- 
luble in carbonate of ammonia. Concentrated nitric acid oonverts it 
into insoluble hydrate of metastannic acid. Upon defiiagrating bisul- 
phMe of tin with nitrate and carbonate of soda sulphate of soda and 
binoxide of tin are obtained. If a Solution of bisulphide of tin in potassa 
is boiled with teroxide of bismuth tersulphide of bismuth and binoxide 
of tin are formed, which latter substanoe remains dissolved in the potaasa 
Solution. 

4. tSulphide o/ammonium produces the same precipitate of hydrated 
BISULPHIDE OF TIN ; the precipitate redissolves readily in an excess of 
the precipitant. From this Solution acids reprecipitate the bisulphide of 
tin unaltered. 

5. FotasMy soda, and ammonia, carbonate of soda and earbonaie of 
ammonia produce in Solutions of e^dts of binoxide of tin white precipi- 
tates which, according to the nature of the Solutions, consist of hydn^te 
of binoxide of tin, or of hydrate of metastannic acid. Both dissolve 
readily in an excess of Solution of potassa or soda. 

6. Stdphate of soda or niirale qf ammonia (in fact, most neutral salts 
of the alkalies), when added in excess, throw down from Solutions of both 
modifications of binoxide of tin, provided they are not too acid, the whole 
of the tin as hydrated binoxide or hydrated metastannic acip. 
Heating promotes the precipitation : Sn Gl + 4 NaO, SO. + 4 HO = Sn 
0„ 2 HO + 2 Na Gl + 2 (Na O, HO, 2 SO,). 

7. MetaUic zinc precipitates from Solutions of bichloride of tin, in the 
absence of free acid, first some metallic tin, then oxychloride ; but in 
presence of a sufficient quantity of free hydrochloric acid metallio tik 
in the shape of small gray scales, or as a spongy mass. If the Operation 
is conducted in a platinum dish, no blackening of the latter is obsenred 
(difierence between tin and antimony). 

8. The Compounds of the binoxide of tin show the same reactions 
before the blowpipe as those of the protoxide. Binoxide of tin is also 
rjBadily reduced when fused with Cyanide of potassium in a glaas tube or 
in a crucible. 
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$131. 

c Tkboxidb OF Antimont (SbO,). 

1. Metaluo AHTOioinr has a blnish tin-white color and is very lustrous ; 
it 18 hard, britUe^ readilj fiuible. When heated on oharcoal before the 
Uowpipe it emits thick white fumes of teroxide of antimonj, which form 
i ooatmg on the oharooal ; this combustion continues for some time evea 
lAer the remoral of the metal from the flame ; it is the most distinctly 
nable if a eurrent of air is directed with the blowpipe directly npon the 
Minple on the charooaL Bat if the sample on the sujiport is kept steady, 
that the famesmay aaoendstraight, the metallic grain becomes siirrounded 
wxih a net of brilUant acicular orystals of teroxide of antimony. Nitric 
aoid oxidiies antimony readily : the dilate acid Converting it almost 
antirely into tenndde, boiling conoentrated acid into antimonic acid ; 
neithar of the two is altogether insoluble in nitric acid ; traces of aiiti- 
Bony are therefore always fouud in the acid fluid filtered from the pre- 
dpitate. Hydrochloric acid, even boiling, does not attack antimony. 
In nitrohydrochloric acid the metal diäsolves readily. The Solution 
eoDtains terchloride of antimony (SbCl,), or pentachloride of antimony 
(SbGl^)y acoording to the degree of conoentration of the acid and the 
dnnttion of the action, 

2. Acoofding to the different modes of its preparation, teroxide of 
AinMOirT occuTB either in the form of white and brilliaut crystalline 
needlea» or as a grayish-white powder. It fuses at a moderate red heat ; 
when exposed to a higher tcmperature it volatilizes without decomposi- 
tiofl. It 18 almost insoluble in nitric acid, bat dissolves readily in hydro- 
ehlorio and tartaric acids. No Separation of iodine takes place on boiling 
it with hydrochloric acid (free from chlorine) and iodide of potaa^ium 
(free from iodic acid) Buksbn. Teroxide of antimony is easily reduced 
to the metallic state by fusion with Cyanide of potassium. 

3. Ahtimoiiic acid (Sb O^) is \mle yellow ; its hydrates are white. 
Both the acid and its hydrates reddcn meist litmus-paper ; they are only 
Tezy sparingly soluble in water, and insoluble in nitric acid, bat dissolve 
pretty readily in hot concentrated hydrochloric acid : tbc Solution con- 
tains pentachloride of antimony (SbCl^), and tums turbid upon addition 
of water. On boiling antimonic acid with hydrochloric acid and iodide 
of potassiun iodine separates, which dissolves in the hydriodic acid pre- 
lent to a brown fluid (Bunben). Upon ignition antimonic acid loses 
oxygeu, and is converted into antimonate of teroxide of antimony 
(SbOg, SbOJ. Of the antimonates the potassa and ammonia salts ai*o 
almost the only ones soluble in water : acids precipitate hydrate of 
antimonic add from the Solutions, chloride of sodium throws down from 
them antimonate of soda (§ 90, 2). 

4. The greater part of the salts of teroxide of antimony are de- 
oomposed upon ignition ; the haloid salts volatilize readily and unaltcred. 
The soluble neutral salts of antimony redden litmus-paper. With a lurge 
qoantity of water they give insoluble basic salts and acid Solutions coii- 
taining teroxide of antimony. Thus, for iustauce, wcUer throws down 
from solntions of terchloride of antimony in hydrochloric acid a whitt; 
bulky precipitate of basio tekchlgride of anthiony (powder of AI- 
^roth), SbCl,, 5Sb6^ which afber some time becomes heavy and crys- 
tallinep Tartttrio acid dissolves this pi-ecipitatc readily, and tlierefoi e 

K 2 
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prevents its formation if mixed with the solntion previouslj to the addi- 
tion of the water. It is by this property that the basic terchloride of 
aotimoDj is distingiiished from the basic salts of bismuth formed under 
similar circumstanoea. 

5. ffydrondphvTic ctcid precipitates from acid Solutions of terozide 
of antimony (if the quantity of free mineral acid present is not too 
large), the whole of the metal as orange-red amorphoses tersulphide of 
ANTIMONY (Sb SJ. In alkaline Solutions this reagent fails to produce a 
precipitate or, at least, it precipitates them only imperfecüy ; neutral 
Solutions also are only imperfectly thrown down by it. The tersulphide 
of antimony produced is readily dissolved by potassa and by alkaline 
sulphides, especially if the latter contain an excess of sulphur ; it is but 
Bpariogly soluble in ammonia, and, if free from pentasulphide 'of anti- 
mony, almost insoluble in bicarbonate of ammonia. It is iusoluble in 
dilute acids, as also in acid sulphite of potassa. Concentrated boiling 
hydrochloric acid dissolves it, with evolution of hydrosulphuric acid gas. 
By heating in the air it is converted into a mixture of antimonate of 
teroxide of antimony with tersulphide of antimony. By deflagration 
with nitrate of soda it gives sulphate and antimonate of soda. If a 
potassa Solution of tersulphide of antimony is boiled with teroxide of 
bismuth tersulphide of bismuth precipitates, and teroxide of antimony 
disRolved in potassa remains in the Solution. On fusing tersulphide of 
antimony with Cyanide of potassium metallic antimony and sulphooyanide 
of potassium are produced. If the Operation is conducted in a smaU 
tube expanded into a bulb at the lower end, or in a stream of carbonic 
acid gas (see § 132, 12), uo Sublimate of antimony is produced. Bat if 
a mixture of tersulphide of antimony with carbonate of soda or with 
Cyanide of potassium and carbonate of soda is heated in a glass tube in a 
stream of hydrogen gas (compare § 132, 4), a mirror of antimony is 
deposited on the inner surface of the tube, immediately behind the spot 
occupied by the mixture. 

From a Solution of antimonic acid in hydrochloric acid sulphuretted 
hydrogen throwsdown pentasulphide of antimony (SbS^), which dissolves 
readily when heated with Solution of soda or ammonia, and equally so in 
concentrated boiling hydrochloric acid, with eyolution of hydrosulphuric 
acid gas and Separation of sulphur, but dissolves only very sparingly in 
cold bicarbonate of ammonia. 

6. JSulpkide o/ammonium produces in Solutions of teroxide of anti- 
mony an orange-red precipitate of tersulphide of antimont, which 
readily redissolves in an excess of the precipitant if the latter contains 
an excess of sulphur. Acids throw down from this Solution pentasulphide 
of antimony (SbSJ. However, the orange <5olor appears in that case 
usually of a lighter tint, owing to an admixture of free sulphur. 

7. Potassa^ soda, ammonia, carbonate of soda and carhcnaJU of am- 
fnonia throw down from Solutions of terchloride of antimony, and aläo of 
simple salts of teroxide of antimony — but far less completely, and mostly 
only after some time, from Solutions of tartar emetic or anadogous com- 
])ounds — a white biilky precipitate of teroxide of antimony, which 
redissolves pretty readily in an excess of potassa or soda, but requires 
the a])plication of heat for its re-solution in carbonate of potassa, and is 
altogether insoluble in ammonia. 

8. Alelaüic zinc precipitates from all Solutions of teroxide of anti- 
mony, if they contain no free nitrio aoid, mstaluc antimony as a black 
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powdar. If » few drops of a Solution of antiinonj, containing soine 
free lijdroohlorio acid, are put into a platiDum dish (the lid of a 
pktinam crocible), and a fra^ent of zinc is introdiiced, hjdrogeii 
ii evolved and antimony separates, staining the part of the platiaum 
eoTered by the liquid brown or black, even in the case of vorj dilute 
nlatioDS : this new reaction I oan therefore recoraoiend as being equally 
delicate and characteristia Cold hydrochloric acid fails to remove the 
itainy heating with nitrie acid removes it immediately. 

9. Tf a Bolation of teroxide of autimony in Solution of potassa or 
loda is mixed with Solution of nürate of silver, a dcep bkck precipitate 
oC IDBOXEOB OF BILVEB forms along with the grayish-brown precipitate 
of oxide of siUer. Upon now adding animonia in excess the oxide is 
redissolTed, whilst the suboxtde is left undissolvod {H. Rose). The 
fonnation of the suboxide of silver in this process is explained as 
foUowB : K O, Sb O, + 4 Ag O = K O, Sb O. + 2 Ag, O. This exceediugly 
delioate reaction affords more especially also an excellcut means of 
deteeting teroxide of antimony in presence of antimouic acid. 

10. If a Solution of teroxide of antimony is introduced into a flask 
in which hydrogen gas is being evolved from pure zinc and dilute aid- 
fkuric acid the zinc oxidizes not ouly at the ex^Minse of the oxygen of 
the water, but also at the expense of that of the teroxide of antimony, 
lod antimony separates accordingly in the mctallic state ; but a portion 
of the metal combines in the moraent of its sepai-ation with the libe- 
lated hydrogen of the water, forming ANTiKONErrED uydrooeix gas 
(8b HJ. If this Operation is conducted in a gasevolution flask, cou- 
nected by means of a perforated cork with the limb of a bent tube of 
which the other limb ends in a fiuely drawn-out point, pinchcd off at 
the topj* and the hydrogen passing tbrough the üuo aperture of the 
tube is ignited after the atmonpheric air is completely expelled, the fluuie 
appears of a bluish-g^een tint, which is iniparted to it by the antimony 
fcparating in a state of intense ignition upon the decompo8ition of the 
autimonetted hydrogen ; white fuiues of teroxide of antimony ri»e from 
the flame, which condense readily upon cold Hubstances, and are not 
dissolved by water. But if a cold body, such as a porcclain dish (which 
answers the purpose best), is now depressed upun the flame, metallic 
A5TIMONT is deposited u])on the surface in a state of the most minute 
division, forming a deep black and almost lustreless spot. If the middle 
part of the tube tbrough which the gas is pasaing is heated to rediiess 
the bluish-green tint of the flame decreases in inteusity, and a metallic 
mirror of antimony of silvery lustre is formed withiu the tube on bo£h 
sides of the heated part. 

As the acids of arsenic give under the same circumstances similar 
stains of metallic arsenic, it is always necessary to carefully examine the 
Spots produced, in order to ascertain whether they really consiät of 
antimony or contain any of that metaL With stains deposited on a 
poroelain dish the object in view is most readily attaiued by treating 
them with a Solution of chloride of soda (a Compound of hypochlorite 
of soda with chloride of sodium, prepared by mixing a Solution of chlo- 
ride of lime with carbouate of soda in excess, and tiltering) j which will 
immediately dissolve arsenical stains, leaving those proceeding from 
autimony untouched, or, at least, removing them only after a very pro- 

* In accnrate experimento it is advisable to nie Marth'i apparatus (§ 18*i, 10). 
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trasted action. A mirror within the glass tube, on the other band, may 
l)e tested by beating it wbilat tbe corrent of bydrogen gas still contiDues 
to pass tbrougb tbe tube : if tbe mirror volatilizes only at a bigber 
temperatare, and tbe bydrogen gas tben issaing from tbe tubes does not 
smell of garlic ; if it is only with a streng current tbat tbe ignited gas 
deposits Spots on poroelain, and tbe mirror before volatilizing fuses to 
small lustrous globales diütinctly discemible tbrongb a magnifying glass, 
— tbe presence of antimony may be oonsidered certain. Or tbe metala 
may be identified by conduoting tbrougb tbe tube a very dow stream of 
dry bydrosulpburic acid gas, and beating tbe mirror, by means of a 
spirit-lamp, proceeding from tbe outer to tbe inner border, and accord- 
ingly in an opposite direction to tbat of tbe gaseous current. Tbe 
antimonial mirror is by tbis means converted into tersulpbide of anti- 
mony, wbicb appears of a more or less reddish-yellow color, and alroost 
black wben in tbick layers. If a feeble stream of dry hydrocblorio 
acid gas is now transmitted tbrougb tbe glass tube, tbe tersulpbide of 
antimony, if present in tbin layers only, disappears immediately ; if tbe 
incrustation is somewbat tbicker it takee a sbort time to dissipate it 
Tbe reason for tbis is, tbat tbe tersulpbide of antimony decomponea 
readily witb bydrocblorio acid, and tbe tercbloride of antimony formed 
is exceedingly volatile in a stream of bydrocblorio acid gas. If tbe 
gaseous current is now conducted into some water tbe presence of anti- 
mony in tbe latter fluid may readily be proved by means of bydrosul- 
pburio acid. By tbis combination of reactions antimony may be 
distinguisbed witb positive certainty from all otber metals. Tbe reac- 
tion wbicb bydrogen gas containing antimonetted bydrogen sbows with 
Solution of nitrate of silver will be found in § 134, 6. 

11. If a mixture of a Compound of antimony witb carh(m(Ue of soda 

and Cyanide qfpoiaasium is exposed on a cbarcoal support to the reducing 

flame of the hlowpipe^ brittle globulee of metallio aüttimoky are pro- 

duced, wbicb may be readily recognised by tbe peculiar reactions that 

mark their oxidation (oompare § 131, 1). 

§132. 

d Arsenioüs Acid (AsO,). 

1. Metallio absenio bas a blackisb-gray color and high metallic 
lustre, which it retains in dry air, but loses in moist air, becoming 
covered witb suboxide ; tbe metallic arsenic of commerce looks there- 
f5re rather dull, witb a dim bronze lustre on tbe planes of crystallization. 
Arsenic is not very bard,but very brittle : at a dull red heat it volatilizes 
witbout fusion. The fumes bave a most characteristic odor of garlic, 
which proceeds from tbe suboxide of arsenic formed. Heated with free 
aocess of air arsenic bums — at an intense heat witb a bluiab flame— 
emitting white fumes of arsenioüs acid, which oondense on cold bodies. 
If arsenic is heated in a glass tube sealed at tbe lower end tbe greater 
part of it volatilizes unoxidized, and recondenses above the heated spot 
as a lustrous black Sublimate (arseuical mirror) ; a very tbin ooating of 
tbe Sublimate api>ears of a brownisb-black color. In contact with air 
and water arsenic oxidizes slowly to arsenioüs acid. Weak nitric acid 
converts it, witb tbe aid of heat, into arsenioüs acid, which dissolves only 
sparingly in an excess of tbe acid j streng nitric acid converts it par- 
tlally into arsenic acid. It is insoluble in bydrocblorio aoid and dilate 
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■dphnric acid; ooncentrated boilüig sulphiiric acid oxidi2e8 it to 
«nenioiu add, with evolution of sulphurous acid. 

2. AssKinoiTB ACID geDerally presenta the appearance eitlier of a trans- 
pmnt Titreons or of a white porcclain-like tuass. By trituration it 
givea a heavy, white, gritty powder. When heated it rolatilizes in white 
inodoroaa fumea. If the Operation is conducted in a glass tuhe a subli- 
Bäte ia obtained oonaisting of sTnall brilliaut ootahedrous and tetrahe- 
draia. Araeniona acid ia only difficultly moistened by water ; it com- 
poita itself in thia reapect lUce a fatty aubatance. It is aparingly aoluble 
in oold, bnt more rrädily in bot water. It ia copiously disaolved by 
liydzochloric add, aa well aa by Solution of aoda and potassa. Upou 
Üling with nitrohydrochloric acid it diaaolves to arsenic acid. It is 
Ugfaly poiaonoaai 

3L The ABSBNiTKS are moatly deoomposed upon ignition either into 
menatea and metallic araenic, which volatilizes, or into arsenious acid 
and the baae with which it was combined. Of the arseuites thosc only 
vith al kaiine ba a o a are aoluble in water. The insoluble arsenitea are 
diaaolTed, or at leaat decompoaed, by hydrochloric acid. Aiihydroua 
terchloride of araenic (AsCI,) is a colorless volatile liquid, funiing in the 
«ir, which will bear the addition of a little water, but is deconiposed by 
a laiger amount into arsenious acid, which partly separates, and hydro- 
chloric acidy which retains the rest of the arsenious acid in Solution. If 
a Solution of arsenioua acid in hydrochloric acid is evaporated by heat, 
Chloride of araenic esoapes along with the hydrochloric acid. 

4. Hydrowlphtmc ctcid colurs aqueous Solutions of arsenious acid 
yellow, but producea no precipitate in them ; it fails equally to precipi- 
täte aqueoua aolutions of neutral arsenites of the alkalies; but upon 
addition of a atronger acid a bright yellow precipitate of teksulpuide 
op ABSEiac (AabJ forma at ouoe. The aanie precipitate fomis in like 
manner in the hydrochloric acid Solution of arsenites insoluble in water. 
Even a large excess of hydrochloric acid docs not preveut complt^tc ])re- 
cipitation. Alkaline Solutions are not precipitated The precipitate is 
rädily and completely dissolved by pure alkalies, alkaline carboiiates 
and bicarbonates, and also by alkaline sulphides ; but it is uearly inso- 
luble in hydrochloric acid, even though ooncentrated and boiliug. Boiling 
nitric acid decon4)oee8 and dissolves the i)recipitate readily. 

If recently precipitated teraulphide of arsenic is digested with sul- 
phnroua acid and acid aulphite of potassa the precipitate is dissolved \ 
upon heating the Solution to boiling the fluid tums turbid, owing to the 
aeparation of aulphnr, which upon continued boiling is for the greater 
püt rediaaolved. The fluid oontains, afler expulsion of the sulphurous 
addy araenite and hyposulphite of potassa : 2 AsS, + 8 (KO,, SO,) = 2 
(KO, AaO,) + 6 (KO, S.OJ + S, + 7 SO, (Bünsen). 

The deflagration of teraulphide of arsenic with carbonate of soda and 
nitrate of aoda gives rise to the formation of arsenate and sulphato of 
Boda^ If a Solution of teraulphide of arsenic in potassa is boiled with 
hydrated carbonate or basic nitrate of teroxide of bismuth tersulphide of 
bismuth and araenite of potassa are produced. 

If a mixtor^ of tersulphide of arseidc with from 3 to 4 parts of car- 
bonate of aoda, made into a paste with aome water, ia apread over small 
glaaa aplintera, and theae, after being well driod, are rapidly heated to 
redneaa in a glaaa tabe through which dry hydrogen gas is transmitted, 
a large portion of the araenic preaent ia x«duced to the metallic atate and 
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expelied if the temperature applied is sufficiently high. Part of the 
reduced arseDio forros a metallic mirror on the inner 8ur£Eu;e of the tube, 
the remainder is carried away suspended in the hydrogen gas ; the 
minute particles of arsenic impart a bluish tint to the flame when the 
gas is kindled, and form stains of arsenic upon the surface of a porcelain 
dish depressed upon the flame. The fusion of the mixture of tersulphide 
of arsenic with carbonate of soda flrst gives rise to the formation of a 
double tersulphide of arsenic and sulphide of sodium, and of arsenite of 
soda (2 AsS, + 4 NaO, CO, = 3 NaS, AsS, + NaO, AsO, -i- 4 C O,). 
Upon heating these products the arsenite of soda is resolved into arsenic 
and arsenate of soda (5 AsO,-= 2 A8 + 3 AsO^), and the tersulphide of 
arsenic and sulphide of sodium into arsenic and pentasulphide of arsenic 
and sulphide of sodium (5 AsS, = 2 As + 3 AsSJ ; and by the action of 
the hydrogen the arsenate of soda is also converted into hydrate of soda, 
arsenic, and water. The whole of the arsenic is accordingly expelied, 
except that portion of the metal which constitutes a component part of 
the double pentasulphide of arsenic and sulphide of sodium formed in 
the process, a sulphur salt which is not decomposed by hydrogen 
(H. Hose). 

This method of reduction gives indeed very aocurate results, but it 
does not enable us to distinguish arsenic from antimony with a sufficient 
degree of certainty, nor to detect the one in presence of the other. 
(Compare § 131, 5.) 

The Operation is conducted in the apparatus illustrated by 




Fig. 26. 

a is the evolution flask, b a tube containing chloride of calcium, e the 
tube in which, at the point d, the glass splinter with the mixture of 
tersulphide of arsenic and carbonate of soda is placed ; this tube is made 
of difficultly fusible glass free from lead. When the apparatus is oom- 
pletely filled with pure hydrogen gas d is exposed to a very gentle heat 
at flrst, in order to expel all the moisture which may still be present, 
and then suddenly to a very intense heat,* to prevent the Sublimation 
of undecomposed tersulphide of arsenic. The metallic mirror is deposited 
near the point e, — Another method of eflecting the reduction of ter- 
sulphide of arsenic to the metallic state, which combines with the yery 
highest degree of delicacy the advantage of precluding the possibility of 

* The fljune of the gas-lamp with chimney, or of the blowpipe, aiiBwen the porpoae 
bfltt 
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oonfoanding anenic with antimony, will be found desoribed in number 
12 of thifl §. 

5. Sulphide of cunmonium also oauses the fonnatinn of tebsulphidb 
or ABSKNia In neutral and alkaline Solutions, however, the tersulphide 
formed doea not precipitate, but remains dissolved as a double sulphide 
of anenic and ammonium (tersulphide of arsenic and sulphide of ammo- 
nium). From this Solution it precipitates immediately upon the addition 
of a free acid. 

6. Nitrate of siloer leaves aqueous Solutions of arsenious acid perfectlj 
deaTy or at least produces onlj a trifling yellowish-white turbidity in 
them ; but if a litüe ammonia is added a yellow precipitate of arsenitb 
OF siLYER (3 AgO, AsOJ separates. The sanie precipitate forms of 
coniBe immediately upon the addition of nitrate of silver to the Solution 
of a neutral arsenite. The precipitate dissolves readily in nitric acid as 
well aa in ammonia, and is not insoluble in nitrate of ammonia j if there- 
ibre a amall quantity of the precipitate is dissolved in a large aroount of 
Ditric acid, and the latter is afberwards neutralized with ammonia, the 
precipitate does not make its appearance again, as it remains dissolved in 
the nitrate of ammonia formed. 

7. SiUphate of copper produces under the same circumstances as the 
nitrate of silver a yeilowish-green precipitate of arsenite of copper. 

8. If to a Solution of arsenious acid in an excess of concentrated Solu- 
tion of soda or potassa, or to a Solution of an alkaline arsenite mixed with 
eaustic potassa or soda, a few drops of a dilute Solution of sulphate of 
copper are added, a clear blue fluid is obtained, which upon )>oiIing de- 
posits a red precipitate of suroxide of copper, leaving arsenate of potassa 
in Solution. This reaction is exceedingly delicate, provided not too much 
of the Solution of sulphate of copper be used. Even should the red pre- 
cipitate of suboxide of copper be so exceedingly minute as to escape 
detection by transmitted light, yet it will always be discemible with 
great distinctness upon lookiog in at the top of the test-tube. Of course 
Öiis reaction, although really of great importance in certain instances as 
a confirmatory proof of the presenoe of arsenious acid, and more particu- 
larly also as a means of distinguishing that acid from arsenic acid, is 
yet entirely inapplicable for the direct detection of arsenic, siuce grape 
sugar and other organic substances also produce suboxide of copper from 
Balis of oxide of copper in the same manner. 

9. If a Solution of arsenious acid mixed with hydrochloric acid is 
heated with a perfectly clean slip of copper or copper unre, an iron- 
GRAT film of metallic arsenic is deposited on the copper, even in 
highly dilute Solutions ; when this film increases in thickness it peels ofif 
in black scalea If the coated copper, afber washing ofif the free acid, 
is heated with Solution of ammonia the film peels ofif from the copper, 
and separates in form of minute spangles (Keinsch). Let it be bome in 
xnind that these are not pure arsenic, but consist of an arsenide of 
copper (Cu, As). If the substance, either simply dried or oxidized by 
ignition in a current of air (which is attended with escape of some arse- 
nious acid), is heated, there escapes relatively but little arsenic, alloys 
richer in copper being left behiud (Fresenius, Lippert). It is only aft^r 
the preaence of arsenic in the alloys has been fully demonstrated that this 
reaction can be oonsidered a dedsive proof of the presence of that metal, 
ts antimony and other metals will under the same circumstances also 
precipitate in a similar männer upon copper. 
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10. If anacid or nentnl solntion ofaTsenioos Bcid orany of its tx>m- 
ponndB U mixed with sine, toaler, snd diltUe avlphurie acid absedetted 
HSDKOOKK (AbHJ ia formed, in the a&me m&nner u oompounda of 
«□limonj giTB nnder analogoos oiroumstancea antimonetted bydrogen. 
(Compare § 131, 10.) This reaction afibrds us a moet delicate tebtfor 
the dettictlon of even tha moat' minnte quoDtidee of areenio. 

The Operation ia cooduoted in the apparatua itliutrated by Fig. 27, or 
in one of ümilar conatruction.* a ia the evolution flask, b a bulb in- 
tended to reoeiTe the water carried along wiüi the gaaeona current, c a tobe 
fiUed vith ootlon and nnall lumpe of ohloride of calcium for drying the gas. 
Thia tube ia oonneoted with b and d hj india-rubbor tnbea which bare 
been boÜed in Solution of aoda ; d shanld bave an inner diameter of 7 
millimetrea (see Fig. 2S), and must be made of difficultly fusible glosa 




Fig. 27. 



free from lead. In experiments reqniring great aooaraoy tho tube sbonld 

be drawn out aa shown in Fig. 27. The opeiBtion ia now commenced 

bj evolving in dt a nioderate and uniform current of hjrdro- 

Ogen gaa, from pure granuhited äno and pure Bnlphuric acid 
diluted with 3 parts of water. Addition of a few dropa of 
biohloride of platinum will be found useM. When the erolu- 
tion of hydrogen hos proceeded for aome time, bo that it maj 
"^' '"' lafelj' be ooncluded the air haa been completely expelled frora 
the apparatus, the gas ia kindled at the open end of the 
tube d. It is adviaable to wrap a piece of cloth round the flask before 
kindling the gat^ to guard against accidents in case of an exploaton, It 
ia DOW abaoIuCelj neoeaaary (irat to ascertain whether the liac and the 
ralphuric acid are quite free from any admizture of arvenic Thia ia 
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done bj depressing a poroelain dish horizontally upon tlie flame to make 
it ipread over the suriace : if the hydrogen contains araenetted hjdrogen 
brownish or brownish-black stains of araenio will appear on the porce« 
laio ; the non-appearance of sach stains m&y be oonsidered aa a proof of 
the fireedom of the zino and sulphuric acid from arsenia In verj accu- 
late expeiimentSy howeyer, additional evidence is required to ensure the 
positiYe certainty of the purity of the reagents employed ; for this purpose 
the part of the tube d shown in Fig. 27 over the flame is heated to red- 
nesB with a Berzeliua or gas-lamp, and kept some time in a State of 
ignition : if no arsenical ooating makes its appearanoe in the narrowed 
part of the tube the agents employed may be pronounced free from 
arsenio, and the Operation prooeeded with, by pouring the fluid to be 
tested for arsenic through the fonnel tube into the flask, and afberwards 
Bome water to rinse the tube. Only a very little of the fluid ought to 
be ponred in at first, as in cases where the quantity of arsenio present is 
oonsiderable, and a somewhat large supply of the fluid is poured into 
the flask, the evolution of gas often proceeds with suoh violence as to 
Btop the further progress of the experiment. 

Now if Uie fluid oontains au oxygen Compound of arsenic or arsenic 
in oombination with a salt radioal, there is immediately evolved, along 
with the hydrogen, arsenetted hydrogen, which at once imparts a bluish 
tint to the flame of the kindled gas, owing to the combustion of the 
particles of arsenic separating from the arsenetted hydrogen in pass- 
ing through the flame. At the same time white fumes of arsenious 
acid arise, which condense upon cold objecta. If a porcelain plate is now 
depresaed upon the flame the separated and not yet reoxidized arsenic 
oondenses upon the plate in black stains, in a very similar manner to 
antimony. (See § 131, 10.) The stains formed by arsenic incline how- 
ever more to a blackish-brown tint, and show a bright metalUc lustre ; 
whilat the antimonial stains are of a deep black color and but feebly 
lustrousL The arsenical stains may be distinguished moreover from the 
antimonial stains by Solution of chloride of soda — ^hypochlorite of soda 
with chloride of sodium — (compare § 131, 10), which will atoncedissolve 
anenical stains, leaving antimonial stains unaffocted, or removiog them 
(mly after a considerable time. 

If the heat of a Berzdvus or gas-lamp is now applied to the part of 
the tnbe d shown in Fig. 27 over the flame, a brilliant arsenical mirror 
makes its appearance in the narrowed portion of the tube behind the 
heated part ; this mirror is of a darker and less silvery-white hue than 
that produced by antimony under similar circumstances ; from which it 
is moreover distinguished by the facility with which it may be dissipated 
in a current of hydrogen gas without previous fwdon, and by the charac- 
tenstic odor of garlic emitted by the escaping (unkindled) gas. If the 
gas is kindled whilst the mirror in the tube is being heated the flame 
will, even with a very slight current of gas, deposit arsenical staius on a 
porcelain plate. 

The reactions and properties just described are amply sufficient to 
enable us to distinguish between arsenical and antimonial stains and 
mirrors ; but they will often fail to detect arsenic with positive certainty 
in presence of antimony. In cases of this kind the foUowing procesa 
will aerve to aet at reat all poaaible doubt aa to the preaence or abaence 
of araenio : — 

Heat the long tobe through whioh the araenetted hydrogen passes to 
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redness in severäl parts, to prodace distinct meialHc xnirrors ; tben 
transmit through the tube a very weak stream of drj hydrosiilpharic 
acid gas, and heat the metallio mirrors with a common spiril-Iamp, 
proceeding from the outer towards the inner border. If arsenic alone 
is present yellow tersulphide of arsenic is formed inside the tube ; if 
antimony alone is present an orange-red or black tersulphide of anti- 
mony is produced ; and if the mirror consisted of both metals the two 
Bulphides appear side by side, the sulphide of arsenic as the more volatile 
lying invariably before the sulphide of antimony. If you now transmit 
through the tube containing the sulphide of arsenic or the sulphide of 
antimony, or both sulphides together, dry hydrochlorio gas, without 
applying heat, no alteration will take place if sulphide of arsenic alone is 
present, even though the gas be transmitted through the tube for a con- 
siderable time. If sulphide of antimony alone is present this will 
entirely disappear, as sdready stated, § 131, 10, and if both sulphides 
are present the sulphide of antimony will immediately volatilize, whilst 
the yellow sulphide of arsenic will remain. If a small quantity of am- 
monia is now drawn into the tube the sulphide of arsenic is dissolved, 
and may thus be readily distinguished from sulphur which may have 
separated. My personal experience has convinced me of the infallibility 
of these combined tests for the detection of arsenic. 

The reaction of hydrogen containing arsenetted hydrogen with Solu- 
tion of nitrate of silver will be found in § 134, 6. 

Ma/rsh was the first who suggested the method of detecting arsenic by 
the production of arsenetted hydrogen. 

11. If a small lump of arsenious acid (a) be introduced into the pointed 
end of a drawn-out glass tube (Fig. 29), a fragment of quite reoently 
bumt charooal (6) pushed down the tube to within a short distance of 
the arsenious acid, and first the charcoal then the arsenious acid heated 
to redness by the flame of a spirit-lamp, a mirror of metallic 
ARSENIC will form at c, owing to Uie reduction of the arsenious acid 
vapor by the red-hot charcoaL If the tube be now cut between h and c 
and then heated in an inclined position, with the cut end c tumed 
upwards, tbe metallic mirror will volatilize, emitting~the characteristic 
odor of garlic. This is both the simplest and safest way of detecting 
pure arsenious acid. 




Fig. 2d. 

12. If arsenites, or arsenious acid, or tersulphide of arsenic are fused 
together with a mixture of equal parts of dry carbwiate of aoda and 
Cyanide o/potasaium the whole of the arsenic is reduced to the metallic 
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State, and so is the base also, if easily reducible ; tbe eliminated 
oxygen oonverts part of tbe Cyanide of potassium into cyanate of potaasa. 
In tbe redactiou of tersulpbide of arsenic sulpbocyanide of potassium is 
formed. Tbe Operation is conducted asfollows : — introduce tbeperfectly 
dry anenical Compound into the bulb of a small bulb-tube (Fig. 30), and 
oover it witb six times tbe quantity of a perfectly dry mixture of equal 
parta of carbonate of soda and of Cyanide of potassium. Tbe wbole quan- 
tity most not mucb roore than balf-fill tbe bulb, otberwise tbe fusing 
Cyanide of potassium is likely to ascend into tbe tube. Heat tbe bulb 
now gently witb a gas or spirit-lamp ; sbould some water still escape 
npon gently beating tbe mixture wipe tbe inside of tbe tube 'perfectly 
Sry witb a twisted slip of paper. It is of tbe bigbest importance for 
tbe suocess of tbe experiment to bestow great care upon expelling tbe 
water, drying tbe mixture, and wiping tbe tube clean and dry. Apply 
now a strong beat to the bulb, to effect tbe reduction of tbe arsenical 
Compound^ and continue tbis for some time, as tbe arsenic often requires 




Fig. 30. 

lome time for its complete Sublimation. Tbe mirror wbicb is deposited 
at 6 is of exceeding purity. It is obtained from all arsenites wbose 
lases remain eitber altogether unafTected, or are reduced to such metallic 
arsenides as lose their arsenic partly or totally upon tbe simple applica- 
tion of beat. Tbis metbod deserves to be particularly recommended on 
acoount of its simplicity and neatness, as well as for tbe accuracy of 
the results attainable by it, even in cases wbere only very minute 
quantities of arsenic are present. It is more especially adapted for tbe 
direct production of arsenic from tersulpbide of arsenic, and is in this 
respect snperior in simplicity and accuracy to all other metbods hitherto 
suggested. Tbe delicacy of tbe reaction may be very mucb beightened 
by beating tbe mixture in a stream of dry carbonic acid gas. A series 
of experiments roade by Dr, V, Bdbo and myself has showu that tbe 
most aceurate and satisfactory results are obtained in tbe following 
manner : — 

Figa. 31 and 32 sbow tbe apparatus in wbicb tbe process is con- 
ductä. 

^ is a capacious flask intended for the evolution of carbonic acid ; it 
\r balf-filled witb water and lumps of solid limestone or marble (not 
chalk, as tbis would not give a constant stream of gas), i? is a smaller 
flask containing concentrated sulphuric acid. The flask A is closed 
witb a double-perforated cork, into one aperture of wbicb is inserted 
a fannel-tube (a), wbicb reaohes nearly to the bottom of the fla^k ; 
into tbe other Perforation is fitted a tube (6), wbicb serves to conduct 
tbe evolyed gas into tbe sulphuric acid in B, wbere it is tboroughly 
fireed from moistnre. The tube c oonducts tbe dried gas into tbe 
redaction-tube C> of wbiob Fig. 32 gives a representation on tbe scale 
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of one-thircl of the actoal length. The tubes ■whioh 1 employ for 
the parpoM in my own experlments huve an inner dituneter of eiglit 
miUimelres. 




Wlteti tlie appantos is fully prepared for nae triturate the p«rfectlj 
diy sulphide of araenio or anemte in a BÜghtly heated mortar with 
about twelve parts of a well-dried mixture consisting of tbree piuis of 
carbonate of soda and one part of oyanlde of potaaginDO. Fut the 
powder upon a norrow slip of oard-paper beut into the ehape of a 
gatter, and puah this into the redoction-tube down to e j tum the tnbe 
now half-waj round its axia, which will oauae tbe mixture to drop into 
the tube between e and d, erery oUier part remaining perfectiy cleon. 
.Coonect tbe tnbe now with the gas'evolutioa apparatua, and erolve a 
moderate stream of carboaio add, by pouring some bydrocbloric acid 
into the flaak A. Heat the tube in ita whole lengtb very gently wiUi 
a spirit-lamp until tbe mixture in it is quite dry ; wben every trace of 
water is expelled, and the gas stream has beoome so slow tbat the üngle 
bubbles pass tbrougb tbe sulpburic acid in Ji at intervals of one second, 
heat tbe reduction-tube C, to redness at e (Fig. 32), by means of a spirit 
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Fig. 82. 

or gas lamp ; vhen e ia red-bot, apply the flame of a gas or a larger 
Bpirit lamp to the mixture, proceeding from d to e, until tbe whole of 
the arseoic is expelled. Tbe ^r greater portion of the rolatilized arsenio 
reooudenses at h, wbilst a amall pnrtioD onlyeecapee through t, imparting 
to tbe Hurroundiog air the peculiar oder of garlio. Adyanoe the flune 
of the Eecoüd lamp slowly and gradually up to e, by whioh means tlio 
whole of tbe areenic wbicb may have Condensed in die wide part of Üt« 
tube is driven to h. When you have eflected tbia, cloae the tobe at tbe 
[Kiint t by fuaioo, and apply heat, proceeding from i towarda h, by whioh 
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means tbe extent of the mirror is uarrowed, whilst iis beauty and 
liutre are correspondingly increased. la this manner perfectly distinot 
mirron of anenio may be produoed from as Utile as the ^^th part 
of a grain of tersolphide of arsenia No mirron are obt4|ned bj this 
prooess from tersulphide of antimonj, nor from any other oompoond of 
aniimony. 

13. If anenious aoid or one of its Compounds is ezposed on a 
charooal snpport to the reducing flanve of the blau^pe a highly charac« 
teristic garlic odor is emitted, more especially if some carbonate of 
Boda is added to the examined sample. This odor has its origln in 
the redaction and re-ozidation of the arsenic, and enables us to deteot 
very minute qoantities. This test, however, like all others that are 
based npon the mere indications of the sense of smell^ cannot be impli- 
citly relied on. 

§ 133. 
0. Absenio AdD (AsO^. 

1. Absenio aoid ib a transparent or white mass, which gradually 
deliquesoes in the air, and dissolves slowly but copioualy in water. It 
fuses at a gentle red heat without sufiering decomposition ; but at a 
higher temperature it is resolved into oxygen and arsenious acid, which 
volatilize& It is highly poisonous. 

2. Most of the arsenatbs are insoluble in water. Of the so-called 
neutral arsenates those with alkaline bases alone are soluble in water. 
Most of the neutral and basio arsenates can bear a strong red heat 
without suffering decomposition, The acid arsenates lose their excess 
of acid upon ignition^ the free acid being resolved into arsenious acid 
and oxygen. 

3. Hydromlphwrio ctcid &ils to precipitate alkaline and neutral Solu- 
tions of arsenates ; but in acidified Solutions it causes first reduction of 
the arsenic aoid to arsenious acid, with Separation of sulphur, then preci- 
pitation of tersulphide of arsenia This process continues until the 
whole of the arsenic is thrown down as AsS,, mixed with 2 S (Wao- 
KEETBODEB, LuDWio, H. Hose). The action never takes place imme- 
diately, and in dilute Solutions frequently only after the lapse of a 
considerable time (twelve to twenty-four hours, for instance). Heating 
(to about 158° F.) greatly accelerates the action. Ifa Solution of arsenic 
acid, or of an arsenate, is mixed with sulphurous acid, or with sulphite 
of soda and some hydrochloric acid, the sulphurous acid is converted into 
sulphurio acid, and the arsenic acid reduced to arsenious acid ; applica- 
tion of heat promotes the change. If hydrosulphuric acid is now added 
the whole of the arsenic is immediately thrown down as tersulphide. 

4. Sulphide of ammonittm converts the arsenic acid in neutral and 
alkaline Solutions of arsenates into pentasulphide of arsenic, which 
remains in Solution as ammonio-pentasulphide of arsenic (pentasulphide 
of arsenic and sulphide of ammonium). Upon the addition of an acid 
to the Solution this double sulphide is decomposed, and pentasulphide of 
arsenic precipitates. The Separation of this precipitate proceeds more 
rapidly than is the case when acid Solutions of arsenates are precipitated 
with hydrosulphuric acid. It is promoted by heat. The precipitate 
formed is AsS^ instead of oonsisting of a mixture of AsS, with S,, 
as in precipitation with hydrosulphuric acid. 

5. Nitrate of tUver produoes under the circumstances stated § 132, 6, 
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a higlilj cliaracteri.stic reddish-brown precipitÄte of arsenate op silver 
(3 AgO, AsO,), which is readily soluble in dilute nitric acid and in 
ammonia, and dissolves also slightlj in nitrate of ammonia. Accord- 
inglj, if a ]|ttle of the precipitate is dissolved in a large proportion 
of nitric acid, neutralization with ammonia often falb to reproduce the 
precipitate. 

6. SvlphoUe of copper produces under the circumstances stated § 132, 
7, a greenish-blue precipitate of absenate of coppee (2 Cu O, H O, 
AbOJ. 

7. If a Solution of arsenic acid mixed with some hjdrochloric acid is 
heated with a clean slip of copper the metal remains perfectlj clean 
(Wertheb, Reinsch) ; but if to one volume of the Solution two volumes 
of ooncentrated hydrochloric acid are added, a gray film is deposited on 
the copper, the same as with arsenious acid. The reaction is under these 
circumstances equally delicate with arsenic acid as with arsenious acid 
(Reinsch). 

. 8. With zinc in presence of sulphuric acid, with Cyanide o/potassium, 
and before the hUmpipe, the Compounds of arsenic acid comport them- 
selves in the same way as those of arsenious acid. If the reduction of 
arsenic acid by zinc is effected in a platinum dish the platinum does 
not tum black, as is the case in the reduction of antimony by zinc 

(§ 131, 8). 

9. If a Solution of arsenic acid, or of an arsenate soluble in water, 
is added to a clear mixture of sulphcUe of niagnesia, chloride of amnuh 
ntum, and a sufficient quantity of ammonia^ a crystalline precipitate of 

ABSENATE OF AMICOMIA AND MAGNESIA (2 MgO, NH^, O, AsO^+ 1^^) 

separates ; from ooncentrated Solutions immediately, from dilute Solu- 
tions after some time. If a small portion of the precipitate is dissolved 
on a watch-glass in a drop of nitric acid, a little nitrate of silver added, 
and the Solution touched with a glass rod dipped in ammonia, brownish- 
red arsenate of silver is formed (dÜfTerence between arsenate and phosphate 
of magnesia and ammonia). 

§ 134. 

EecapitultUian and remarka. — I will here describe first the different 
ways best adapted to effect the detection or Separation of tin, antimony, 
and arsenic, when present together in the same Compound or mixture, 
and afterwards the most reliable means of distinguishing between the 
several oxides of each of the three metals. 

I. If you have a mixture of sulphide of tin, sulphide of antimony, 
and sulphide of arsenic, triturate l part of it, together with 1 part of 
dry carbonate of soda and 1 part of nitrate of soda, and transfer the 
mixed powder gradually to a small porcelain crucible oontaining 2 parts 
of nitrate of soda kept in a State of fusion at a not over-strong heat ; 
oxidation of the sulphides ensues, attended with slight deflagration. 
The fused mass contains binoxide of tin, arsenate and antimonate of 
soda, with sulphate, carbonate, nitrate, and nitrite of soda. You must 
take care not to raise the heat to such a degree, nor continue the fusion 
so long, as to lead to a reduction of the nitrite of soda to the caustic 
State, that there may not be formed stannate of soda soluble in water. 
Upon treatiug the mass with a little oold water binoxide of tin and 
antimonate of soda remain undissolved, whilst arsenate of soda and the 
pther salts are dissolved. If the filtrate is acidified with nitric acid, and 
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htMt 18 applied to remove carbonic acid and nitrous acid, the arsenic aoid 
may be deteoted and separated, either with nitrate of silver, acoording 
to § 133y 6, or with a mixture of sulphate of magnesia, chloride of am- 
numiamy and anunonia, according to § 133, 9. 

If the nndiflBolved residue, consisting of binoxide of tin and antimo- 

oate of BodtL, is, afler being waahed once with cold water and three 

timee with dilate spirits of wine, treated with some hydrochloric 

acid in the lid of a platinnm crucible, and a gentle heat applied, 

the masB ia either oompletelj dissolved or, if the tin is present in a large 

pn^rtion, a white reeidue is lefb undissolved. If, regardless of the 

preeenoe of this latter, a fragment of zino is added, the Compounds are 

ledaoed to the metallic state, when the antimony will at once reveal its 

preeenoe by blackening the platinum. If, after the evolution of hydrogen 

has nearly stopped, the remainder of the zinc is taken away, and the 

oontentB of the lid are heated with some hydrochloric acid, the tin 

diasolvea the protochloride, whilst the antimony is left undissolved in 

the form of bbick flakes. The tin may then be more distinctly tested in 

the aolution, with chloride of mercury, or with a mixture of sesqui- 

ehloride of iron and ferricyanide of potassium, and the antimony, 

after Solution in a little aqua regia, with hydrosulphuric acid. As this 

method of detecting arsenic, tin, and antimony in presence of each 

other^ forms one of the processes in the systematic course of 

snalysiB, I have here simply explained the principle upon which it is 

baaed, and refer for the details of the process to the first section of 

FkrtIL 

2. If the mixed sidphides, afber being freed from the greater part 
of the adhering water, by laying the filter containing them on 
hbtting paper, are treated with Aiming hydrochloric acid, with applica- 
tioQ of a gentle heat, the sulpbides of antimony and tin dissolve, whilst 
the solphide of arsenic is lefb almost completely undissolved. By 
troating this with ammonia, and evaporating the Solution obtained, with 
addition of a small quantity of carbonate of soda, an arsenical mirror may 
easily be produced from the residue, by means of Cyanide of potas- 
siam and carbonate of soda in a stream of carbonic acid gas (§ 132, 12). 
The aolution, which oontains the tin and the antimony, may be treated 
aa atated in l. 

If a great exoesa of antimony is present the Solution may also be mixed 
with aeaquicarbonate of ammonia in excess, and the mixture boiled ; when 
a large proportion of the antimony will dissolve, leaving binoxide of tin 
behind, mixed with but little teroxide of antimony; in which undissolved 
residue the tin may now be the more readily detected by the method 
deacribed in 1 (Bloxam). 

3. If the mixed sulphides are digested at a gentle heat with some 
common solid carbonate of ammonia and water sulphide of arsenic din- 
aolvea, whilst the aulphidea of antimony and tin remain undissolved. 
Bat eren thia aeparatlon ia not quite absolute, as traces of sulphide of 
antimony are apt to pasa into the Solution, whilst some sulphide of 
anenic remams in the residue. The sulphide of arsenic precipitating 
firom thealkaline Solution upon acidiiying this latter with hydrochloric acid 
aiiat therefore, eapecially if consisting only of a few flakea, after washing. 
be treated with ammonia, the aolution evaporated, with addition of a 
• imall quantity of carbonate of aoda, and the reaidue fused with Cyanide 
ofpotaaaiiim in aateeam of carbonic acid,tomake quite aure by the pro- 
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daetioa of an mrrenical minor. Tlie nsidiM^ inaoloble in Gftrbooate of 
ammoDia» shoold be treaied as dirccted in S. 

4. If snlpbide of antimonj, snlphide of ün, and snlphide of anenic are 
dinoWed in sulpliide of potaasinm, a large exoeaa of a concentrated Solu- 
tion of Btdphaitms acid added, Uie mixtoie digested fbr some time 
on the water-bath, boUed until all MÜphnroos acid is expelled, then 
filieredy tbe filtrate contains all tbe arsrnic aa araenioos acid (wbich 
naj be precipitated froiu it bj bjdrosalphanc acid), whilat tersulphide 
of aniimony and bisolphide of tin are left befind «ndisaolved (Buhben). 
These latter may then be treated aa directed in 2. 

5. In tbe analyais of alloys, binozide of dn» terozide of antimony, and 
anenic acid are ofben obtained together as a reaidae inaoluble in nitrio 
acid. Tbe best way i» to fnse this residue with hydrate of aoda in a 
silver crucible, to treat tbe msßs with water, and add one-third (by 
▼olnme) of spirit of wine ; then to filter the fluid off front the anümonate 
of soda, wbich remaios nndissolved, and wash the latter with spirit o£ 
wine mized with a few drops of Solution of carbonate of aoda^ The 
filtrate is acidified with bydrochloric acid, and the tin and arscnic are 
then precipitated as sulphides, with the aid of heat. On heating tbe 
precipitated sulphides in a stream of hydrosulphiiric acid gas the whole of 
the tin is left as sulpbide, whilst the sulpbide of arsenic Tolatiliaes» and 
may be received in Solution of ammonia (H. Böse). 

6. For the most aocurate way of separating antimony and arsenic, and 
distinguisbing between the two metals, yi&, by treatiug with hydro- 
sulphuric acid tbe mirror produced by Marsh'b method, and separating 
the resulting sulphides by meansof bydrochloric acid gas, I refer to § 132, 
10. Antimony and arsenic may, however, when mixed together in form 
of hydrogen Compounds, be separated also in the following way : Conduct 
the gases mixed with an excens of hydrogen, first through a tube contain- 
ing glaw splinters moistened with Solution of acetate of lead, to retain the 
bydrochloric and bydrosulphuric gas, then in a slow stream into a Solu- 
tion of nitrate of silver. All the antimony in the gas falls down as 
black antimonide of silver (Ag^Sb), whilst the arsenic passes into the 
Solution as arseuious acid, with reduction of the silver, and may be de- 
tected in the fluid as arsenite of silver, by cautious addition of ammonia, 
or — after precipitating the excess of silver by bydrochloric acid — by means 
of bydrosulphuric acid. In the precipitated antimonide of silver, wbich 
is often mixed with much silver, the antimony may be most readily 
detected, by heating the precipitate — thorougbly freed from aruenloua 
acid by boiling with water — with tartaric acid and water to boiling. 
This will dissolve the antimony alone, wbich may then be readily detected 
by means of bydrosulphuric acid in the Solution aeidifled with bydro- 
chloric acid (A. W. Hofmann). 

7. Frotoxide and binoxide of tin may be detected and identified in 
presence of each other, by testing one portion of the Solution containing 
both Oxides, for the protoxide with chloride of mercury, terchloride u/ 
gold or a mixture of ferricyanide of potassium and sesquichloride of iitm 
and another portion for the binoxide, by pouring it into a conoentrate« 
bot Solution of sulphate of soda. 

8. Teroxide of antimony in presence of antimonic acid may \ 
identitied by the reaction described in § 131, 9. Antinwnic ac 
in presence of teroxide qf aniimony, by heating the teroxide suspcot 
to oontaiu an admixture of the acid, but without any other 8 
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mixtni^ iriih hydroohloiio acid and iodide of poiaasiam (§ 131, 

«Mld3>. 

9. Antenioua acid and arunic (»cid in the same Solution maj lie d istin- 
gnished bj means of uitrate of stlver. If the precipitate contains little 
aneoate aud muoh anenite of silver it is necessary, in order to identify 
the former^ to add cautiously and drop by dn>p most bigbly dilute nitrio 
acid, whioh dianlvea the yellow arsenite of silver tirst 

A still safer way to deteot small quantities of arnenio acid in presence 

of aneDious acid ia to precipitate the Solution which contains the two 

acida» witb a mixture of solphate of niagnesia, chloride of ammoniutn, 

and ammooia (§ 133, 9), by which means an aotual Separation of the two 

aeida ia alao effected. The immediaU precipitation of arsenic acid from 

an acidified aolntion by hydrosulphuric acid uiiai<Ied by the application 

of beat afforda also a ready means of distinguislüng betwecn the two 

aeidiy aa ihia reaction differs considerably in the case of arsenious acid. 

AneniOBS acid in presence of arsenic acid niay also be identiHed by the 

ndnction of oxide of copper efft^cted by its agency in alkaiiue solutiouH. 

To ascertain tho degree of sulphuration of a sulphide of arsenic in a 

ndphur aalt, boil the alkaline Solution of the salt undcT examination with 

hydrate of teroxide of bismuth, filier off from the ter»a1phide of bismuth 

formed, and test the filtrate for arsenious and arsenic acids. To distiu- 

gmsh between the ter- and pentasulphide of arsenic, extraot first the 

lolphur which may be present by means of sulphide of carbon, then dis- 

lolve the residue in auimonia, add uitrate of »ilver in excess, tilter off the 

RÜphide of ailver, and observe whether arsenite or arsenate of silver is 

formed upon addition of ammonia. 

Special Mecutiom of the rarer Oxides of the Sixth Grou^. 

§135. 

a. OxiDX OF Iridium (IrO,). 

Iridium is foond in oombiDation with platinum and otlier metals in platinum orei«, 
abo, and more espocially, as a native alloy of osmiuni and iridiuio. AUoyed with 
platinum, it bas of lato been employed for crucibled, &c. Iridium nffembles pla- 
tiDQm, bot is brittle ; it fuset with extreme diffioulty. In the compact State, or 
redooed at a rad heat by hydrogen, it disaolves in no acid, not even in aqua i'egia 
(diffinrenoe between Iridium and gold and platinum) ; reduced in the moi-vt way, my 
byformio acid, or largely alloyed with platinum, it dissclvei in aqua regia to biubioride 
(IrCl,). Acid sulphcUe ofpotoita in a State of fuaion will oxidize, but not dinsolve it 
(difference between iridlum and rhodium). It uxidizes by fusion with Hydrate of toda, 
with aooesH of air, or by fusion with nitrate of soda. Tho Compound of sesquioxide of 
iridium (Ir, O,) with soda, whioh is fomied in this prooess, dissolvea partially in water ; 
by heating with aqua regia it gives a deep-blauk Solution of bichloride of iridium and 
diloride of sodium. 

If iridium in powder is mixed witb chloride of sodium, the mixtnre heated to ins!- 
pient redness, and treated with (Morine gaSy sodio-bichloride of iridium is formed, 
which disaolves in water to a deep reddiah-brown fluid. Potrusa, adJed in excess, 
decolorizes the Solution, alittle brownish-black potassio- bichloride of iridium preoipi- 
tating at the same time. If the Solution is heated, and exfKMed some time to the air, 
it acquirea at first a reddish tint, which changes afterwards to azure blue (characteristic 
differenc« between iridium and platinum) ; if the Solution is now evaporated to dryneas, 
aad the residue treated with water, a colorless fluid is obtained, with a blue deposit 
left undissolved. Hydrotulphuric acid in the first place decolorizes Solutions of bi« 
chloride of iridium, protochloride is fornied, with Separation of sulphur, and fiually brown 
sulphide of iridium preoipitates. Sulphide of ammonium produces the same preci- 
pitate, which redissolres readily in an excess of the precipitant. Chloride ofammoniuvi 
pi^pitates from more ooooentrated aoluti«m8 amraooio- bichloride of iridium in form of 
a bladusb-red powdtr oonsistiDg of mioroecopie ootahedrons. Proloddoride of tin 

L 3 
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produces a light-brown precipitaie. Sulphate of proioxide of iron decolorizes, bat 
falls to precipitate Solutions of bicbloride of Iridium ; zinc precipitates black Iridium. 

&. OXIDKS OF MOLTBDENUM. 

MoLTBDENüM is Dot largely dissemiDated in nature, and is found only in moderate 
quautities, more especially as sulphide of molybdenum and as molybdate of lead (yellow 
lead ore). Since tbe use of molybdate of ammonia as a means of detecting and deter- 
mining pbosphoric acid, molybdenum bas acquired greater importance for practical 
chemistry. Moltbdbndm is silvery wbite ; it fuses with very great difficulty. The 
PBOTOXIDE of the metal (Mo 0) is black, the binoxidb (MoO,) dark brown. By 
beating in tbe air, or treating witb nitric acid, tbe metal and the two ozides are oon- 
verted into MOLTBDIO aoid (Mo 0,). Molybdic acid is a white porous mass, which 
in water separates as fine scales ; it fuses at a red-beat ; in dose vessels it volatilixes 
only at a very bigh temperature, in tbe air easily at a red-beat, subliming to 
transparent laminsB and needles. Tbe non-ignited acid dissolyes in acids. The Solu- 
tions are oolorless : in contact witb zinc or tin tbey first tum blue, tben green, and 
ultimately black, with Separation of protoxide of molybdenum ; by digestion with 
coppei' tbe sulpburio acid Solution acquires a blue, tbe hydrocbloric acid Solution a brown 
tint. Tbe reaction often takes place only afber some time. Ferrocyanide ofpotassium ■ 
produces a reddisb-brown precipitate, infution ofgalU a green precipitate. ffydrostd- 
phuric acidf added in small proportion, imparts a blue tint to Solutions of molybdic 
acid ; added in larger proportion it produces a brownisb-black precipitate ; the fluid 
over the latter at first appears green. But after being allowed to stand for some time, 
and heated, additional quantities of bydrosulpburic acid being repeatedly conducted 
iNto it, the wbole of the molybdenum present will ultimately tbougb slowly separate 
as black tersulpbide of molybdenum (Mo S,). Tbe precipitated tersulpbide of molyb- 
denum dissolves in sulpbides of tbe alkali metals ; acids reprecipitate from tbe snlphur 
salts the suipbur acid (Mo SJ. Application of beat promotes the Separation. By 
beating to redness in the air, or by beating witb nitrio acid, sulphide of molybdenum 
is converted into molybdic acid. 

Molybdic acid dissolves readily in Solutions of /ntre aLhalie$ Ktidi carhcnaJUM ofthe 
€Ukalte$; from concentrated Solutions nitric otcid or hydrochloric acid throws 
down molybdic acid, wbicb redissolves upon furtber addition of tbe precipitant. The 
Solutions of molybdates of tbe alkalies are colored yellow by kydronUpkuric actd, and 
give afterwards, upon addition of acids, a brownisb-black precipitate. For tbe deport- 
ment of molybdic acid with phospboric acid and ammonia, see § 142, 10. 

If a fragment of zinc is put into a hydrocbloric acid Solution of molybdic acid, and a 
few drops of Solution of ttUphocyanide ofpotassium are added, and as mucb hydrochloric 
or sulphuric acid as will sufiice to bring on a sligbt evolution of bydrogen, the fluid 
acquires a carmine-red tint, wbicb, however, is not very persistent (G. D. Beadn). 

Molybdic acid volatilizes wben heated ob charcoal in tbe oxidizing ßame, coating 
the charcoal witb a yellow, often crystalline, powder, wbicb tiims wbite on cooling. 
In tbe reducingflame tbe acid suffers reduotion to the metallic State, tbe molybdenum 
in obtained as a gray powder by wasbing tbe charcoal support. Sulphide of molyb- 
denum gives in tbe oxidizing flieune sulpburous acid and an incrustation of molybdic 
acid on tbe oharcoal support. 

c. Oxides of Wolfbamium ob Tunosten. 

WoLFBAMiXTHor tungsten metal is not widely disseminated in nature, aod ig found only 
in very moderate quantity. It occurs most frequently as tungstate of lime and in the 
mineral wolfram^ wbicb is a double tungstate of protoxide of iron and protoxide of 
manganese. 'Tungsten, or wolfbamium, obtained by tbe reduction of tungatic acid in 
a stream of bydrogen gas at an intense red beat^ is an iron-gray powder, which fiises 
witb extreme difliculty, and is converted by ignition in tbe air into tungstio acid (WO,), 
by ignition in a stream of cblorine gas into a Sublimate of red bicbloride of tungsten 
( W Gl,). Tbe latter in contact witb water gives first hydrocbloric aoid and binoxide 
of tungsten (W 0,), wbicb, however, oxidizes subsequently in the air to blue oxide 
(Wo, WO3). Tungsten is insoluble in acids, even in aqua r^a, and also in Solutions 
of potassa ; it dissolves, bowever, in Solution of potassa mixed with hypocblorite of 
alkali. Binoxide of tungsten is black ; by intense ignition witb free acoess of air 
it is converted into tungstio acid. Tungstio acid is lemon-yellow, fixed, insoluble 
in water and in acids. By fusing tungstio acid witb acid sulphate of potassa, aod 
treating tbe fused mass witb water, an aoid Solution is obtained, which contains no 
tungstio acid. After tbe removal of tbis Solution, the residue, consisting of tungstate 
of potassa, dissolves. Tungstates of the alkalies, soluble in water, are formed readily 
by fusion, with carbonated alkalies, with difficol^ by boiling with Solutions of 
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ilkalieB. Hydroddorie aeidf nüric aeid, and suljihurie acid prodace in the Solution of 
thew tongstates white precipitatoB, which are insoluble in an excess of the acids 
(differenoe from molybdic acid), bat soluble in ammonia. Upon evaporating with an 
«zcesB of hydrochloric acid to dryneas, and treating the rendue with water, the tung- 
Btio acid is lefb undiasolved. Chloride of harium^ chloride of ccUcium^ nitrcUe 
ofnlver, nüraU of tuboxide of mcrcwry prodace white precipitates. Perroeyanide of 
pofotnttm, with addition of some acid, colors the fluid deep brownish-red, and after 
■ome tiroe produoes a precipitate of the same oolor. Tinctwre of galUt with a little 
add added, produoes a brown precipitate. ffydrotulphurie acid barely precipitates 
aoid Solutions. Sulphide of ammonium faib to precipitate soIutions of tungstates of 
alkalies ; upon acidifying the mixture ligbt-brown tersulphide of tungsten (W S,) pre- 
äpitates, which is sfightly soluble in pure water, but insoluble in water containing 
salts. Proioekloride of tin produces a yellow precipitate ; on acidifying with hydro- 
ehbric acid, and applying heat, this precipitate acquires a beautiful blue oolor (bigbly 
deGoate and cfaaracteristio reaction). If Solutions of tungstates of alkalies are mixed 
with hydrochloric acid, or, better still, with an excess of pbospboric acid, and zinc is 
added, the fluid acquires a beautiful blue color. Phosphate of toda and ammonia 
dissolves tungstic acid. The bead, exposed to the oxidizing flame, appears clear, 
Tarying from colorless to yellowish ; in the reducing flame it acquires a pure blue 
oolor, and upon addition of sulphate of protoxide of iron a blood-red color. By mixing 
with a little carbofuUe of aoda, and exposing in the cavity of the charcoal support to 
the reducing flame, tungsten in powder is obtained, which may be washed off the 
charcoal. The tungstates which are insoluble in water may, most of them, be decom- 
posed by di^tion with acids. The mineral Wolfram, which strongly resists the 
action of acid, is fused with carbonated alkali, when water will dissolve out of the 
fosed maas the tungstate of alkali formed. 

d, Oxides of Tellübium. 

Tellubittk is not widely disseminated, and is fnund in small quantities only in the 
naiive state, or alloyed with other metaU, or as tellurous acid. It is a white brittle, 
but readily fusible metal, which may be sublimed in a glass tube. Heated in the air 
it buma with a greenish-blue flame, emitting thick white fumes of tellurous acid. 
Tellurium is insoluble in hydrochloric acid, but dissolves readily in nitric acid to 
tellurous add (Te 0,). Tellurium in powder dissolves in cold concentrated sulphurio 
add to a purple-colored fluid, from which it separates again upon addition of water. 
Tellüboüb aoid is white ; at a gentle red heat it fuses to a yellow fluid ; it is vola- 
tilized by strong ignition in the air, forming no crystalline Sublimate. The anhydrous 
add dissolves readily in hydrochloric acid, sparingly in nitric acid, freely in Solution of 
potassa, slowly in ammonia, barely in water. The hydrate of tellurous acid is white ; 
it is perceptibly soluble in oold water, and dissolves in hydrochloric acid and in nitric 
add. By addition of water white hydrate is thrown down from the Solution, and fi-om 
the nitric acid Solution nearly the whole of the tellurous acid separates after some time 
as a crystallin« precipitate, even without addition of water. Pure alk(Uies and car- 
honatei of the aUcaliet throw down from the hydrochloric add Solution white hydrate, 
which is soluble in an excess of the precipitant. ffydrostUphuric acid produces in 
add Solutions a brown precipitate (Te S,) (in color like protosulphide of tin), which 
diffiolves very freely in sulphide of ammonium. StUphite of soda^ protochloride of tin^ 
and zinc predpitate black metallic tellurium. Tellubio aoid (Te 0,) is formed by 
fasing tdlurium or tellurites with nitrates and carbonates of the alkalies. The fused 
nuMs IS soluble in water. The Solution remains clear upon acidifying with hydrochloric 
add in the cold ; but .upon boiling oblorine is disengaged, and tellurous aad formed, 
and the Solution is therefore now precipitated by water if the excess of acid is not too 
great. If tellurium, its sulphide, or an oxygen Compound of the metal is fused with 
Cyanide ofpotatnum in a stream of hydrogen, a double Cyanide of tellurium and potas- 
sium is formed. The fused mass dissolves in water, but a current of air throws down 
from the Solution the whole of the tellurium (difference and means of separating tellu- 
rium from selenium). By fusion of tellurous or telluric acid with carbonate of potassa 
and charcoal, telluride of potassium is formed, which with acids evolves stinking tellu- 
retted hydrogen gas. Upon exposing tellurium Compounds mixed with carbonate of 
soda to the tnner hlowpipeßamCj reduotion, volatüization, and reoxidaiion take place, 
and the charcoal support becomes accordingly oovered with white tellurous acid. 

e. OxmxB OF Selikiuit. 

SxLXirnTX is a rare sobttance; it oocurs in nature in the form of selenides of metals. 
It ia fbond oocanonaUj in^ the duat of roMting-fumaces, aad also in the Nord« 
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haosen eil of vitnol. It reaemblea sulphur in some respects, tellurium in otbers, and 
Stands thus on the border I)etweeu the nietais and tlie iiou-metallio elements. Fused 
Helenium ie grayi>h-black ; it volatiliies at a higber teniperature, and niay be eublimed. 
Heated in the air it burns to selenious acid (Se 0^, exbaling a cbaracteristic smell of 
decaying bone-radisb. Concentrated sulpburic acid dissolves selenium wiihout oxi- 
dizing it ; upon diluting tbe Solution tbe selenium falls down in red flakee. Nitric 
aoid and aqua regia dissoWe selenium to selekiods acid. Sublimed anhydrous 
telenious acid appears in form of wbite four-sided needles, its hydrate in form of 
crystals reserobling tbose of nitrate of potassa. Botb tbe acid and its bydrate dis- 
aolve readily in water to a strongly acid -fluid. Of tbe neutral salts only tbose 
with tbe alkalies are soluble in water ; tiie aolutions bave aikaliae reufCtions. All 
selenites dissolve readily in nitric acid, witb tbe exception of the selenites of lead 
and silver, wbicb dissolve witb difficulty. Hydrwvlphwrie meid produces in Solu- 
tions of selenious acid or of seleuites (in prese^pce of free bydrocbloric acid) a 
yellow precipitate of sdlphidb of sklekiom (?) wbicb, upon beating, tums reddish- 
^ellow, and is soluble io sulpbide of ammonium. Chhride of barium produces 
(after neutralization of tbe free acid, sbould any be present) a white precipitate 
of telenite of baryta, wbicb is soluble in bydrocbloric acid and in nitric acid. 
Proioehlorlde of iin or lulpJturotu <icid^ witb fidditittn of bydrocbloric acid, produces 
a red pt^cipitate of selenium. wbicb turos gray at a high teroperature. Selknic 
ACID is formed by beating neleuium or its Compounds witb carbonates and nitrates of 
tbe alkalies. The fu»ed mass dissolves in water ; the Solution remains clear upon 
acidifyiog witb bydrocbloric «cid ; wtien concentrated by boiling, it evolves cblorine, 
wbilst the selenio acid is reduued to selenious »cid. By fusing seleftium or its Compounds 
witb Cyanide of potasnum in a stream of bydrogen gas, a double Cyanide of selenium 
and potassium is obbüned, from wbicb the selenium is not elimioated by tbe action of the 
air (as is tbe case witb tellurium); it separates, bowever, upon long-continued boiling, 
after addition of bydrocblorir acid. Wheu exposed on a ofaarcoal support to tbe reducing 
fanUf tbe s<;Ienites evolve selenium, exbaling at tbe same tijiie a most obaractenstic 
odor of decaying borse-radisb, wbicb unmistakeably betrays their presence. 

B. — EeACTIOVS OE DfiPORTlCENT OF THE AciDS AND THEIR RaDKALS 

WITH KeAOENTS. 

§ 136, 

The reageDtg which serve for the detection of the acids 9xe divided, 
like those used for the detection of the bases, into oenrral reaoknts, 
i.e., such as indicate the okoup to wbich the acid under exaniination 
belongs j and spectal reagents, t.«., such as serve to eflfeot the detection 
and Identification of the imdiyidual acids. Tbe groups into which we 
olassify the variofns acids can scarcely be defined and limited with the 
same degree of pivcision as those into which the bases are divided. 

The two principal groups into which acids are divided are those of 
iNOROANio and oroanic acids. We base this divbion upon those cha- 
racteristics by which, irres{)ectively of theoretical considerations, the 
ends of analysis are moat easily attaii^ed. We select therefore here, as 
the cbaracteristic mark to guide ns in the Classification into organic and 
inorganio acids, the deportment which the various acids manifest at a 
high temperatare, and call organic those acids ef which the salts — (par- 
ticulaflj those ^hioh have an alkaK or an alkaline earth for base) — are 
decomposed upon ignition, the decomposition being attended with Sepa- 
ration of csrbon. 

Bj st^lecting this deportment at a high temperature as the distinctive 
charucterit(tic of organic acids, we are «nal)led to determine at once by • 
most simple preliminary experiment the class to which an acid belongs. 
The salts of organic acids with alkalies or alkaline earths are converted 
into carbonates whea heated to reduess. 

Before proceediog to the special sUtdy of the several acida oonsidned 
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in ihis work, I give here, the same m I have done wüh the bases, ä 
general Tiew of the whole of them olaasified in groups. 

CLASSIFICATION OF ACIDS IN GROUPS. 

L iNOBGAinC ACIDS. 
FIRST oroup: 
Division a. Chromic acid (sulphnrous and hyposulphurous acids, iodic 

acid). 
Division & Sidphuric acid (hjdroflaosilioio acid). 
Division c Fho^phoric ttcid, boracic acid, oxalie acid, hydrqfluoric 

acid (phosphorous acid). 
Division d, Carbonic acid, silicic acid 

BEOOMD aHoup: 
CUorine and hydrockloric acid; hramine and hydrcbromic add; iodine 
and hydriodic add: cyanogen and hydrocyanic acid, 
together with hydroferro- and hydroferricyanic acids ; 
siUphur aud hydromLphuric acid (iiitrous acid, bypochlo- 
Tous acid, chlorous acid, hjpophosphorouB acid). 
THIRD oroüp: 
Niiric acid, chloric acid (perchloric acid). 

II. Oroamic Acids. 

FfRST GROUP: 

OxcUic acid, taHaric acid, citric acid, maUc acid (racemio acid). 

SECOND oroup: 
Succinic acid, hemoic add. 

THIRD OROUP : 

Äcetic add, formic acid (propionic acid, bntyric acid, lactic aciJ). 

The acids printed in italics are more froqueutly met with in the exami- 
nation of minerals, waters, ashes of plaiita, indostrial producta, medi- 
cines^ 4a ; the otheia are more rarelj met with. 

L Ikoroanic Acids. 

§ 137. 

First Oroup. 

Acids which abe prkcipitated from Neutral Solittions by 

CULORIDB OF BaRIUH. 

This group is again subdivided into fbur divisions, viz. : 
1. Acids wliich are dec()m{>08ed iu acid Solution by hyürosulphuric acid, 
and to which attention has therefore boen directed already in the 
testing for bases, viz., chromic acid (sulphnrous acid and hyposul- 
phurous acid, the latter because it is decomposed and detected by the 
mere addition of hydrochloric acid to the Solution of one of its salts ; 
and also iodic acid).* 

* To this first division of the firat group of inorganio acida helong properly also all 
tbe oxygeo coaipoaodB of a distinoUy pronouooed acid cbarao'-^r, which have been 
diBcosiied already with the Sixth Group of the melAllic ozides (acids of arsenio, aotimoojPy 
seleDiufOy &c.). But ns the reaction of tbese cumpouads with bydrosulphuric acid 
teods to lead to confounding them rather with other metallio oxides than with other 
acids, it appeared the safer conrse to olass these Compounds, which may be said t» 
stand between the ba ae s and the aotdi| with the metaUio oxides. 
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3, Acids wbicil are not decomposed in acid solation hy hydrosnlphnric 
acid, and the baryta Compounds of which are insoluble in hydrochloric 
acid : sulphuric acid (hjdrofluosilicic acid). 

3. Aoids wbicb are not decomposed in acid solation by hjdrosolphuric 
acid, and the baryta Compounds of wbicb dissolve in bydrocbloric 
acid, apparently without decomposition, inasmucb as the acids cannot 
be conipletelj separated from the bydrocbloric acid Solution by beating 
or evaporation ; tbese are phobphorio acid, boracic acid, oxalic 
ACID, HYDROFLUORic ACID (phospborous acid). (Oxalio acid belongs 
more properly to the organic group. We consider it, bowever, bere 
witb the acids of the inorganic class, as the property of its salts to be 
decomposed upon ignition without actual carbonization may lead to 
its being overlooked as an organic acid.) 

4. Acids wbicb are not decomposed in acid Solution by bydrosulpburic 
acid, and the baryta salts of which are soluble in bydrocbloric acid 
wiTH DEOOMPOSinoK (Separation of the acid) : carbokic acid, silicic 

ACID. 

First Dwision of Üie First Orou/p of the Inorganic Acids. 

§ 138. 
Chromic Acid (CrO^ 

1. Chromic acid appears as a scarlet-red cry stalline mass, or in the 
form of distinct acicular crystals. Upon ignition it is resolved into 
sesquioxide of chromium and oxygen. It deliquesces rapidly upon ex- 
posure to the air. It dissolves in water, imparting to the fluid a deep 
reddish-brown tint, which remains still visible in very dilute Solutions. 

2. The CHROMATES are all red or yellow, and for the most part 
insoluble in water. Part of them are decomposed upon ignition ; those 
with alkaline bases are fixed, and are soluble in water ; the Solutions of 
the neutral alkaline Chromates are yellow, those of the alkaline bichro- 
mates are reddish-brown. These tints are still visible in highly dilute 
Solutions. The yellow color of the Solution of a neutral salt changes to 
reddish-brown on the addition of a mineral acid, owing to the formation 
of an acid Chromate. 

3. Hydrosvlphwric acid acting upon the acidified Solution of a Chro- 
mate produces first a brownish coloration of the fluid, then a green 
coloration, ansiug from the salt of sesquioxide of chromium formed ; 
this change of color is attended with Separation of sulphur, which 
imparts a milky appearance to the fluid (KO, 2 CrO, + 4 SO, + 3 HS - 
KO, SO, + Cr O,, 3 SO, + 3 HO + 3 S). Heat promotes this reaction, 
part of the sulpbur being in that case oonverted into sulphuric acid. 

4. Chromic acid may also be reduced to sesquioxide of chrominm by 
means of many other substances, and more particularly by sutphu/rous 
acid, or by heating with hydrochloric add, especially upon the addition 
of alcohol (in which case chloride of ethyle and aldehyde are evolved) ; 
also by metcUlic zinc, or by heating with taHa/ric acid, oxalic acid, &c 
All tbese reactions are clearly charaoterized by the change of the red or 
yellow color of the Solution to the green tint of the salt of sesquioxide 
of chromium. 

5. Chloride of hcmttm produces in aqueous Solutions of Chromates a 
yellowisb- white precipitate of Chromats dp bartta (BaO^ CrOJ, 
which is soluble in dilute bydrocbloric acid and nitric acid. 
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6. Nitrate qf ailver prodncefi in aqneous solntions of Chromates a 
dark pnrple-red precipitate of Chromate of 8iLy£R(AgO, CrO^, which 
is Boluble in nitrio acid and in ammonia ; in slightlj acid Solutions it 
produces a precipitate of bichromats of silver (AgO, 2 CrO^. 

7. Äeetale qf lead prodaces in an aqueous or acetic acid Solution of a 
Chromate a jellow precipitate of Chromate of lead (PbO, CrO,)^ 
which is soluble in potassa, but only sparingly soluble in dilute nitric 
add. lipon heating with alkalies the yellow neutral salt is converted 
into basic red Chromate of lead (2 PbO, Cr.O,). 

8. If a very dilute acid Solution of peroxide qf hydrogen* (about 6 or 
8 cubic centimetres) is covered with a layer of ether (about half a 
centimetre thick), and a fluid oontaining chromic acid is added, the Solu- 
tion of peroxide of hydrogen acquires a flne blue color. By inverting 
the test-tube, closed with the thumb, repeatedly, without much shaking, 
the Solution becomes colorless, whilst the ether acquires a blue color. 
The latter reaction is particularly characteristia One part of Chromate 
of potassa in 40,000 parts of water suffices to produce it distinctly 
(Storee) ; presence |of vanadic acid materially impairs the delicacy of 
the test (Werther)— compare § 113, 6. The blue coloration is in all 
probability caused, not by perchromic acid (the existence of which is 
altogether doubtful), but by a combination of chromic acid with peroxide 
of hydrogen. After some time reduction of the chromic acid to sesqui- 
oxide of chromium takes place, and at the same time decoloration of 
the ether. 

9. If insoluble Chromates are fused together with citrbonate ofaoda and 
f^aJU ofsodoby and the fused mass is treated with water, the fluid obtained 
appears yellow from the alkaline Chromate which it holds in Solution ; 
upon the addition of an acid the yellow colour changes to reddish-brown. 
The Oxides are left either in the pure state or as carbonates, unless they 
are soluble in the caustic soda formed from the nitrate. 

10. The Compounds of chromic acid show the same reactions with 
phoaphate qf 8oda and ammonia and with horax in the blowpipe flame, as 
the Compounds of sesquioxide of chromium. 

11. Yery minute quantities of chromic acid may be detected by 
mixing with the fluid, slightly acidified with sulphuric acid, a little 
ÜT^ure qf guaia^cwm (1 part of the resin to 100 parts of aJcohol of 60 
per ceni), when an intense blue coloration of the fluid will at once 
make its appearance, speedily vanishing again, however, where mere traces 
of chromic acid are preaent (EL Schiff). 



Chromic acid being reduced by hydrosulphuric acid to sesquioxide of 
chromium, this acid is in the course of analysis aJways found already in 
the examination for bases. The intense color of the Solutions containing 
chromic acid, the excellent reaction with peroxide of hydrogen, and the 
characteristic precipitates produoed by Solutions of salts of lead and salts 
of silyer, afibrd moreover ready means for its detection. 

* Solution of peroxide of hydrogen may be easily prepared by triiurating % frag- 
ment of peroxide of barium (aboat the size of a pea) with soroe water, and addiog 
it with stirring to a mixture of about 80 cubio centimetres of hydrochloric acid, 
aDd 120 cubic centimetres of water. The Solution keeps a long time without suffering 
decomposition. In default of peroxide of barium, impure peroxide of sodium may be 
uaed instead, which is obtained by heating a fragment of sodium in a small poroelain 
dish until it takes fa% and letting it bum. 
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Harer AMt of tke Firtt IHmtion cf the Fint Group. 

§ 139. 

a. SULPHUBOUB AOID (SO,) 

8uLPBüioU8 AOID 18 a oolorlets, VDioflamm&ble gas, which ezhales the stifliog odor 
of bumiog lulphur. It diaaolves oopioaaly io water. The Solution has the odor of 
the gHS, re«ideDt litinos-paper, and bleacbies Bnudl-wood paper. It absorbs oxygen 
^m the air, and is tbereby converted into sulpburic acid. The salts of sulphurous 
ftoid are oolorleM. Of the neatral snlphites those with alkaline base only are readily 
Boluble in water ; niany of the sulphites insoluble or sparingly tolable in water 
4issoWe in an aqaeoiM Solution of sulphurous acid, but fall down again upon boiling. 
All the sulnhides evolre sulphurous acid when treated with sulphuric acid or Äyiro- 
ehlorie aeui Chlorine waier dissolves most sulphites to sulphates. Chloride qf 
hmriitm preeipitates neutral sulphites, but not free sulphurous aoid. The precipitate 
dissolves in bydrochloric acid. HydromdphMrie acid decouiposes free sulphurous acid, 
water and pentatbionio aoid being forined and free sulphur eliniinated, which latter 
separates from the fluid. If a trace of sulphurous aoid or of a sulphite is introduoed 
into a flask in whioh hydrngen is being evnlved from xinc and hydrochloric acid, bydro* 
tnlphnrio acid is iinniediateiy evolved along with the hydrogen, and the gas now 
pitxluces a blaok eiiloration or a black precipitate in a Solution of aoetate of lead to 
whioh has been added a suffieJent quantity of s(4ution of soda to redissolve the preci- 
pitate which forms at first. Sulphnrous aoid is a powerful reducing agent ; it reduces 
chromio add, permanganic acid, chloride of niercury (to subchloride), decolorizes 
iodide of starcfa, produces a blue precipitate in a mixture of ferricyanide of potassiura 
and sesquichloride of iron, ^ With a hydrochlorio acid Solution of protochloride of 
Um a brown precipitate of peotosulpbiob of tiv is fonued after some time. If aa 
•queous Solution of an alkaline sulphite is mixed with aoetic acid just to give it aa 
incipient acid reaction, and w then added to a relatively large amount of Solution of 
■ulphate of zioc, mixed with a very small quantity of nitroprusside of sodiura, the 
iluid aoqoires a rsd oolor if the onantity of ttie sulphite present is not too inconnder- 
ftble, but when the quantity of the sulphite is Tery minute the ooloration niakes its 
Appearaooe only after addition of some Solution of ferrocyanide of potasttium. If the 
quantities are not altogether too minute, a purple-red precipitate will form at once 
npon the additi<>n of the ferrooyanide of potassium (BöD£KEE). Hyposuiphites of the 
ftlkalies do not show this reaction. 

6. Htposulphubous Acm (S,0,). 

This aoid does not exist in the free state. Most of its salts are soluble in water. 
The Solutions of most hyposuiphites may be boiled without suffering decoraposition ; 
hyposulphite of lime is resolved upon boiling into sulphite of lime and sulphur. If 
k^fdroehlarie acid or ttUphwrie acid is added to the Solution of a hyposulphite, the fluid 
remaans at first clear and inodorous, but after a short time — the shorter the more 
ooncentrated the Solution — it becomes more and more turbid, owing to the Separation 
of sulphur, and exhales the odor of sulphurous acid. Application of heat promotes 
this decomposition. Nitrate of silver produces a white precipitate of HTPohOLPHiTB 
or 81LVEE, whioh is soluble in an ezcess of the hyposulphite ; afier a little while 
(upon heating almost immediately) this precipitate turos bhick, being decomposed 
into sulphide of silver and sulpburic acid. Hyposulphite of soda dissolves chloride of 
silver ; upon the addition of an acid the Solution remains clear at first, but after some 
time, and immediatdy upon boiling, sulphide of silver separates. CSUonde of barium 
produces a white precipitate, which is soluble in much water, more especially hot 
water, and is decomposed by hydrochloric acid. 

Where it is required to find sulphites and hyposuiphites of the alkalies in presenoe of 
alkaline sulphides, as is often the case, Solution of sulphate of xinc is fint added to the 
fluid until the sulphide is decomposed ; the sulphide of sine is tben filtered uff, and one 
part of the filtrate is tested for hyposulphurous acid by addition of acid, another 
portion for sulphurous aoid with nitroprusside of potassium, &o. 

c. loDio Aoid (IO^). 

lODio AOID crystallizes in white, six-sided tables ; at a moderate heat it is resolved 
into iodine vapor and oxygen ; it is readily soluble in water. The salts are decom- 
posed upon ignition, being resolved either mto oxygen and a metallio iodide, or inte 
iodine, oxygen, and metallio oxide; the iodates with an alkaline baae alone dissolve 
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xeadüy in water. Chloride of harium ihroyn down from «olution of iodates of tbe 
alkalies a white precipitate of iodatb or baryta, which \b soluble in nitric acid ; 
nürtite of tilver a white granalar-crystalline precipitate of iodatb of bilvbr, which 
diaiioWea readily in ainmonia, but only sparingly in nitric acid. Bydrowlphurie aoid 
fchrows down from tolutioni of iodic aoid iodink, which theo dissolves in h>driodie 
acid ; the precipitation is attended witb leparation of solphur. If an exoeag of hvdio:* 
■nlphuric acid is added, the fluid loses its color, and a further Separation of sulphur 
XißkeB place, the iodioe being cooverted into hydriodic acid. Iodic acid coiubined with 
faa s e s 18 also decomposed by bydrosulpburic aoid. 8idpKur<mt acid throws down 
lODiKK, which upon addition of an excess of the acid is converted into hydriodip 
aoid. 

Second Division o/the First Group o/the Inorganic Adels, 

§ UO. 
SüLPHüRic Aoid (SO^. 

1. Anbydroos sulphurio acid is a white feathery-crygialline man, 
which emits HtroDg fumes upon exposure to the air ; hjdrated sulpburic 
acid forma an oily liquid, colorless and transparent like water. Both the 
anhydrous and hydrated acid char organic subbtauces, and combine with 
water in all proportions, the process of combination being attended with 
considerable elevation of temperature, and in the case of the anhydrous 
acid with a hissing noise. 

2. The neutral sulphates are readily soluble in water with the exception 
of the sulphates of baryta, strontia, Urne, and lead. The basic sulphates 
of the Oxides of the heavj metals which are insoluble in water 
dissolve in hydrochloric acid or in nitric acid. Most of the sulphates 
are colorless or white. The sulphates of the alkalies are not decomposed 
hj ignition. The other sulphates are acted upon in different ways by a 
red heat, some of them being readily decomposed, others with difficultj, 
and some resisting decomposition altogether. 

3. Chloride o/barium produces eveu in exceedingly dilute Solutions of 
Bulphuric acid and of the sulphates a finely-pulverulent, heavy, white 
precipitate of sulphate of BARTTi. (Da 0, S O,), which is insoluble in 
dilute hydrochloric acid and nitric acid. From very dilute Solutions 
the precipitate separates only after standing some time. Concentrated 
acids and concentrated Solutions of many salts impair the delicacy of the 
reaction. 

4. Aceiate of lead produces a heavy white precipitate of sulphate of 
LEAD (Pb O, S OJ which is sparingly soluble in dilute nitric acid, bat 
dissolves completely in hot concentrated hydrochloric acid. 

5. The salts of sulphuric acid with the alkaline earths which are inso- 
luble in water and acids are converted into carbovates, by fusion with 
alkcUine carbonates, Bub the sulphate of lead is reduced to the State of 
PURE OXIDE when treated in this nianner. Both the oonversion of the 
former into carbonates and the reduction of the latter to the state of 
oxide are attended with the formation of an alkaline sulphate. The 
sulphates of the alkaline earths and sulphate of lead are also resolved 
into insoluble carbonates and soluble alkaline sulphate by digestion or 
boiling with concentrated Solutions of carbonates of the alkalies (comp. 
§§ 95, 96, 97). 

6. Upon fusing sulphates with carbonate of soda on charooal in thQ 
inner flanie of the blowpipe the sulphuric acid is reduced, and sulphide 
of Bodium formedy whioh may be readily recognised by the odor of hydro- 
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sulpbunc acid emitted npon moistening the sample aud the part of the 
charcoal iuto which the fused mass has penetrated, aud addiug some acid. 
If the fused mass is transferred to a clean silver plate, or a polished 
tiilvQT Qoin, and then moistened with water and some acid, a black stain 
of sulphide of silver is immediately formed. 

Eemarks, — The characteristic and exceedingljr delicat-e reaction of sul- 
phuric acid with salts of baryta renders the detection of this acid an 
easier task than that of almost any other. It is simply necessary to take 
care not to confound with sulphate of baryta precipitates of chloride of 
barium, and particularly of nitrate of baryta, which are formed u{K)n 
mixing aqueous Solutions of these salts with fluids containing a large 
Proportion of free hydrochloric acid or free nitric acid. It is very easy 
to distinguish these precipitates from sulphate of baryta, since they re- 
dissolve immediately npon diluting the acid fluid with water. It is 
a rule that should never be departed from, in testing for sul- 
phuric acid with chloride of barium, to dilute the fluid largely ; a 
little hydrochloric acid should also be added, which counteracts the 
adverse influence of many salts, as, for instance, citrates of the alkalies. 
Where very minute qnantities of sulphuric acid are to be detected the 
fluid should be allowed to stand several hours at a gentle heat, the trace 
of sulphate of baryta formed will in that case be found deposited at the 
bottom of the vessel. When the least uncertainty exists about the nature 
of the precipitate produced by chloride of barium in presenoe of hydro- 
chloric acid, the reaction sub 6 will at once set all doubt at rest. To 
detect free sulphuric acid in presence of a sulphate the fluid under 
examination is mixed with a very little cane-sugar, and the mixture 
evaporated to dryness in a porcelain dish at 212° Fah. If fi^ee sulphuric 
acid was present a black residue remains, or, in the case of most minute 
quantities, a blackish-green residue. Other free acids do not decompose 
cane-sugar in this way. 

§141. 

Htdbofluosilicic Aom (H F, Si F,). 

Hydrofluosilioic acid Ib a very acid fluid ; npon evaporation od platinum it volatilizes 
completely as fluoride of Silicon and bydrofluoric acid. Whon evaporated on glass it 
etches the latter. With bases it forma water and silioo-fluorides of the metals, which 
are most of them soluble in water, redden litmus-paper, and are resolved upon ignition 
into metallic fluorides and fluoride of Silicon. 

Chloride of barium forms a crystalline precipitate with hydrofluosilicic acid (§ 95, 6). 
Chloride of Strontium and acetate of lead form no precipitates with this acid ; salta of 
potatsa precipitate transparent oelatinoüs silioo- Fluorids of POTASsniM ; am' 
monia in excess precipitates htdbated silioic aoid, with formation of fluoride of 
aromonium. By Leatiog metallic silico-fluorides with concentrated stUpkuric acid 
dense fumes are emitted in the air, arising from the evolution of bydrofluoric and 
silicofluoric gas. If the experiroent is conducted in a platinum vessel covered with 
glass the fumes etch the glass (§ 146, 6) ; the residue oontains the sulphates formed. 

Third Division ofthe First Qroup qfthe Inorganic Acids. 

§ 142. 

a, Fhosphoric Acid (POJ. 

1. Phosphorus is a oolorless, transparent, solid body, of 2*089 specific 
gravity ; it has a waxy appearauce. Taken intemally it acts as a Tirulent 
poison. It fuses at 113°, aud boils at Ö^^"" Fah. By the influence of 
light phosphorus kept under water turns first yellow, then red, and is 
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finally ooTored with a white crast. If phospHoms is exposed to tlie 
air at the common temperature, it exhales a highly characteristic and 
most disagreeable odor, and is gradnally entirelj oxidized to pliosphoroua 
add ; this procefls is attended witb the formation of dense fumes of 
Ditrite of ammonia, and in the dark with strong phosphoresoenca Pho»- 
phoms very readilj takes fire spontaneously, and burns with a luminoua 
flame, being converted into phosphoric acid, which is dissipated for the 
most part in white fumes through the surrounding air. Nitric acid and 
nitrohydrochloric acid dissolve phosphorus pretty readily upon heating. 
The Solutions contain at first, besides phosphoric acid, also phosphorous 
acid. Hydrochloric acid does not dissolve phosphorus. If phosphorus 
18 boiled with Solution of soda or potassa, or with milk of lime, hypo- 
phosphites and phosphates are formed, whilst spontaneously inflammable 
phosphuretted hydrogen gas esca{)es. If a substance containing unoxi- 
dized phosphorus is placed at the bottom of a flask, and a slip of paper 
moistened with Solution of nitrate of silver is by means of a cork loosely 
inserted into the mouth, suspended inside the flask, aud a gentle 
heat applied (from 86°to 104^Fah.), the paper slip will tum black in 
conaequenoe of the reducing action of the phosphorus fumes, even though 
only a most minute qnantity of phosphorus should be present. If afler 
the termination of the reaction the blackened part of the paper is boiled 
with water, the uudecomposed portion of the silver salt precipitated with 
hydrochloric acid, the fluid filtered, and the filtrate evaporated as far as 
practicable on the water-bath, the presence of phosphoric acid in the 
lesidue may be shown by means of the reactions described in 2, <bc. 
(J. Schersr). It must be borne in mind that the silver salt is blackened 
also by hydrosulphuric acid, formic acid, volatiie products of putrefao- 
tion, &0. ; and also that the detection of phosphoric acid in the slip of 
paper can be of value only where the latter and the filtering paper were 
perfectly free from phosphorus. As regards the deportment of phos- 
phorus upon boiling with dilute sulphuric acid, and in a hydrogen gas 
evolution apparatus supplied with zinc and dilute sulphuric acid, see 
Part II. Section IL, V., IIL 

2. Anhydrous phobphorio acid is a white, snowlike mass, which 
rapidly deliquesces in the air, and dissolves in water with a hissing 
Dcdse. It forms with water and bases three diflerent series of Com- 
pounds : viz., with three equivalents of water or base hydrate of tribasio 
phosphoric acid or common phosphates; with two equivalents of 
water or base hydrate of pyrophosphoric acid or pyrophosphates ; with 
one equivalent of water or base hydrate of metaphosphoric acid or 
metaphosphates. 

The phosphates which we generally meet with in nature and in ana- 
lytioal investigations belong, as a rule, to the tribasic series ; we therefore 
make them alone the object of a fuUer study in this place, devoting a 
sapplemental paragraph to a briefer consideration of monobasic and 
bibasic phosphoric acids and their salts. 

3. The HYDRATE of TRiBASic PHOSPHORIC ACID (3 HO, PO,) forms 
oolorless and pellucid crystals, which deliquesce rapidly in the air to a 
sjrupy non-caustic liquid. The action of heat changes it into hydrated 
pyro- or metaphosphoric acid, aocording as either one or two equivalents 
of water are expelled. Heated in an open platinum dish the hydrate of 
common phosphoric acid, if pure, volatilizes completely, though with 
difficalty, in white fumes. 
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4. The action of heat fidls to decompose the trtbasic Phosphates with 
flxed bases, bat oonverts them into pyrophosphates if thej contain oiie 
equivalent of basic water or aromonia, and into metaphosphates if thej 
oontain two eqnivalenta Of the tribasic phonphates tbose with alkaline 
base alone are soluble in water, in the neuti-al state. The Solutions 
manifest alkaline reaction. If pyro- or metaphosphates are fused witl^ 
carbonate of soda the fused mass contains the phosphoric acid invanably 
in the tribasic State. 

5. Chloride ofhcmum produces in aqneous Solutions of the neutral or 
basic phosphates of the alkalies, but not in Solutions of the hydrate, a 
white precipitate of Phosphate op baryta [2 BaO, HO, PO^; or 
3 BaO, POJ,* which is soluble in hydrochloric acid and in nitric acid, 
bat sparingly soluble in chloride of ammonium. 

6. Solution ofsulpluUe oflvms produces in neutral or alkaline Solutions 
of phoHphates, bat not in Solutions of the hydrate, a white precipitate of 
PHOSPHATE OF LiME (2 CaO, HO, PO, or 3CaO, PO,), which dissolves 
readily in acids, even in aoetio acid, and is soluble also in chloride of 
ammonium. 

7. Sulphate o/magTiesia produces in concentrated neutral Solutions of 
phosphates of the alkalies a white precipitate of Phosphate of Magnesia 
(2 MgO, HO, PO, -f 14 aq.), which often separates only after some time ; 
upon boiling, a precipitate of basic salt (3 MgO, PO, -f 5 aq.) u^ thrown 
down immediately. The latter precipitate forms also upon addition of 
sulphate of magnesia to the Solution of a basic alkaline phosphate. Bat 
if sulphate of magnesia, mixed with a sufficient quautity of chloride of 
ammonium to leave the Solution clear upon addition of ammonia, is 
added to a Solution of free phosphoric acid or of an alkaline phosphate, 
and ammonia in excess is then added, a white, crystalline, and quickly 
sabsiding precipitate of basic phosphate of maonesia axd ammonia 
(2 MgO, NH^O, PO, + 12aq.) is formed, even in highly dilute Solutions. 
This precipitate is insoluble in ammonia and mont sparingly soluble in 
diloride of ammonium, but dissolves readily in acids, even in acetic acid. 
It makes its appearance ofben only after the lapse of some time ; stirring 
promotes its Separation (§ 98, 7). The reaction can be considered decisive 
anly if no arsenic is present (§ 133, 9). 

8. Nitrate of süver throws down from solations of neutral and basic 
alkaline phosphates a light-yellow precipitate of phosphate of silver 
(3 AgO, PO,), which is readily soluble in nitric acid and in ammonia. 
If the Solution contained a basic phosphate the fluid in which the preci- 
pitate is sanpended manifests a neutral reaction ; whilst the reaction is 
acid if the Solution contained a neutral phosphate. The acid reaction in 
the latter case arises from the circumstance that the nitric acid receives, 
for the 3 equivalents of oxide of silver which it yields to the 
phosphoric acid, only 2 eq. of alkali and 1 eq. of water ; and as the 
latter does not neutralize the acid properties of the nitric acid, the Solu- 
tion becomes acid. 

9. If to a Solution oontaining phosphoric acid and the least posnbU 
excess of hydrochloric or nitric acid a tolerably large aroount of acetate 
of soda is added, and then a drop of eesquicJUoride of iron, a yellowi^- 

* Precipitates of tbe former composition are produced in Solutions contnining an 
alkaline phosphate with two equivalents of a fixed base or ammonia ; whilst precipi- 
tates of the latter composition are formed in Solutions which contain an alkaline pbos* 
phate with three^quivalents of a fixed base or ammonia. 
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white, floocalent-gelatinous precipitate of Phosphate of sesqutoxide of 
UMXV (Fe,0^ PO, + 4 aq.) in formed An excess of sesquichloride of iron 
iBoat De a^oided, as acetate of sesquioxide of iron (of red color) wonld 
thereby be formed, in which the precipitate is not insoluble. This re» 
action ia of importanee, as it enablea ua to detect the phosphorio acid in 
phoapbatea of the alkaline earths ; bat it can be held to be decisive only 
if DO araenic ia preaent, aa this shows the aame reaction. To efiect the 
eompleto aeparation of the ))ho»phoric acid from the alkaline earths, a 
anfficient quantity of aefiquichloricie of iron is added to impart a reddiah 
edor to the aoliition, which ia then boiled (whereby the whole of the 
aeaqnioxide of iron is thrown down, partly as phosphate, partly as baaio 
aoetate), and filtered hot The filtrate contaius the alkaline earths as 
Chlorides. If you wish to detect, by means of this roaction, phosphorio 
acid in preaence of a large proportion of aesquioxide of iron, boil the 
hydrochlorio acid aolntion with snlphite of soda nntil the sesqnichloride 
ia rednced to protochloride, which reduction is indicated by the decolor- 
ation of the Solution ; add carbonate of soda until the fluid is nearly 
nentral, then acetate of soda, and finally one drop of sesqnichloride of 
iron. The reason for this proceeding is, that acetate of pi*otoxide of iron 
doea not divsolve phosphate of sesquioxide of iron. 

10. If a few cubic centimetres of the Solution ofmolyhdate ofammonia 
in nitric acid (§52) are poured into a testtube, and a little of a fluid is 
added containiug phosphorio acid in neutral or acid Solution, a light« 
yellow finely-pnlverulent precipitate forma at once or after a very short 
tinie, even in the oold, if the quantity of phosphorio acid is not too incon- 
siderable ; this precipitate speedily subsides to the bottom of the tube, 
or ia depoaited on the sidps. With exceedingly minute qnantities of 
phosphorus, as e.g, 0*00002 grm. = abput 0003 grain, a few hours 
mnat be allowed for the mauifestation of the reaction, which should be 
aided also by applying a gentle heat, but not higher than 104^ F. If no 
other ooloring sabstances are present, the fluid above the precipitate 
appeara colorless. The fluid to be tested for phosphoric acid should not 
be added in larger proportion than an equal volume to that of the molyb- 
dato of ammonia Solution ; a mere yellow coloration of the fluid should 
never Jbe considered to prove the presence of phosphoric acid. 

The yellow precipitate contains moltbdic acid, ammonia, wateb, and 
a little PHOSPHORIO acid (about 3 per cent.). As it is insoluble in dilute 
acids only in presence of an excess of molybdic acid, addition of phos- 
phoric acid in excess will necessarily altogether prevent its formation, 
which should be borne in mind. Presence of certain organic substances, 
e.g, tartaric acid, will also prevent the precipitation. The precipitate, 
after aobaiding, may be readily recognised even in dark-colored fluids. £y 
waahing it with the Solution of molybdate of ammonia with which the 
precipitation haa been eflected, dissolving in ammonia, and adding a 
mixture of solpbate of magnesia, chloride of ammoniuni, and ammonia, 
phosphate of magnesia and ammonia is produoed. By oonductiug the 
Operation in the manner above stated, phosphoric acid cannot well be 
confounded with any other acid ; since arsenio acid gives in the cold no 
precipitate with Solution of molybdate of ammonia in nitric acid, though 
it givea one u{jon application of heat, and more especially upon boiliiig 
(the fluid above this precipitate appeara yellow) ; and silicic acid showa 
no reaction with it in the cold, and givea only a yellow coloration on 
heating, bat no precipitate. 
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11. If a finely-powdered substance containing phosphoric acid (or a 
xnetallic phosphide) is iutimatelj mixed with 5 parts of a flux cotisisting 
of 3 parts of carbonate of soda, 1 part of nitrate of potassa, and I part of 
BÜicio acid, the mixture fused in a platinum spoon or crucible, the fused 
mass boilcd with water, the Solution obtained decanted, carbonate of 
ammonia added to it, the fluid boiled again, and the silicic acid which is 
therebj precipitated filtered off, the filtrate now holds in Solution alkaline 
phosphate, and maj accordiDglj be tested for phosphoric acid as directed 
in 7, 8, 9, or 10. 

12. W%üe qfegg is not precipitated by Solution of hydrate of tribasic 
phosphoric acid, nor by Solutions of tribasic phosphates mixed with 
aoetic acid. 

§ 148. 

&. Bibcuie photpJtorie <icid, The Solution of the hydrate 2 HO, PO^ is converted 
by boiling into Solution of the hydrate 8 HO, PO^. The Solutions of the salts bear 
heating without suffering decomposition ; but upon boiling with a strong acid the 
phosphoric acid is converted into the tribasic State. If the salts are fused with car- 
bonate of soda in excess tribasic phosphates are produced. Of the neutral pyrophos- 
phates only those with alkaline bases are soluble in water ; the acid salts {e.g.f NaO, 
HO, POg) are by ignition converted into metaphosphates (NaO, PO^). Chloride of 
hariiim fuls to precipitate the free acid ; from Solutions of the salts it precipitatea 
PTBOFHOSPHATE OF BABTTA (2 BaO, POg). NitroU of silver throws down from a 
Solution of the hydrate, especially upon addition of an alkali, a white, earthy-looking 
precipitate of ptbophosphate or silvbr (2 AgO, P O^), which is soluble in nitric acid 
and in ammonia. Sidphate of magnena precipitates ptrophosphatb of Magnesia 
<2 MgO, POg). The precipitate dissolves in an excess of the pyrophosphate, as well as 
in an excess of the sulphate of magnesia. Ammonia falls to precipitate it from these 
Solutions. Upon boilmg the Solution it separates again. White of egg is not pre- 
cipitated by Solution of the hydrate nor by Solutions of the salts mixed with acetic 
acid. MolyhdaJte of ammonia^ with addition of hydrochloric acid, fails to produce a 
precipitate. 

/3. Mondbatic photphoric acid. Five sorts of monobasic phosphates are known, and 
the hydrates also of most of these have been produced. The several reactions by which 
to distingnish between these I will not enter upon here, and oonfine niyself to the 
simple Observation that the monobasic phosphoric acids differ from the bibasic and 
tribasic phosphoric acids in this, that the Solutions of the hydrates of the monobasic 
acids precipitate white of egg at once, and the Solutions of their saits after addition of 
acetic acid. Those hydrates and salts which are precipitated by nitrtUe of tilver pro- 
duce with that reagent a white precipitate. A mixture of nUphate of magnena^ 
Chloride of ammonium, and ammonia £eu1s to precipitate the monobasic phosphoric 
acids and their salts, or produces precipitates soluble in chloride of ammonium. All 
monobasic phosphates yield upon fusion with carbonate of soda tribasic phosphate of 
soda. 

§ 144. 
6. BoBAcic Acid (BOJ. 

1. Boracio acid, in the anhydrous state, is a colorless, fixed glass, 
fusible at a red heat ; hydrate of boracic acid (3 H O, B O,) is a porous, 
white mass ; in the crystalline State (HO, BO, + 2 aq.), it presents small 
Bcaly laminn. It is soluble in water and in spirit of wine ; upon eva- 
porating the Solutions a large proportion of boracic acid volatilizes along 
with the aqueous and alci>holic vapors. The Solutions redden litmus- 
paper, and impart to turmeric-paper a faint brown-red tint, which 
acquires intensity upon drying. The borates are not decomposed upon 
ignition ; those with alkaline bases alone are readily soluble in water. 
The Solutions of borates of the alkalies are colorless, and all of them, 
even those of the acid salts, manifest alkaline reaction. 

2. Chloride of barium produces in Solutions of borates, if not too 
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liiglilj dilute, a white preoipitate of borate of bartta, which is solable 
in acids and ammoniacad salts. The formula of this precipitate, when 
thrown down from Solutions of neutral borates, is BaO, BO, + aq. ; 
when thrown down from Solutions of acid borates, 3 BaO, 5 BO, + 6 aq. 
(H. Rose). 

3. JVürcUe of süver produces in concentrated Solutions of neutral 
borates of the alkalies a white preoipitate, inclining slightly to yellow 
from admixture of free oxide of silver (AgO, BO3 + HO) ; in concen- 
trated Solutions of acid borates a white preoipitate of 3 AgO, 4 BO,. 
Dilute Solutions of borates give with nitrate of silver a grayish-brown 
preoipitate of oxide of silver (H. Kose). All these precipitates dissolve 
in nitric acid and in ammonia. 

4. If dilute sfulphiMric acid or hydrochloric *<icid is added to highly 
concentrated, bot prepared Solutions of alkaline borate», the boracic 
ACID separates upon cooling, in the form of shining crystalline scales. 

ß. If cUcohol is poured over iree boracic acid or a borate — with addi- 
tion, in the latter case, of a suffident quantUy of concentrcUed sulphuric 
(icid to liberate the boracic acid — and the alcohol is kindled, the flame 
appearsof a very distinct yellowish-green color, especially upou stirring 
the mixture ; this tint is imparted to the flaroe by the ignited boracic 
acid which volatilizes with the alcohol. The delicacy of thia reactiou 
may be considerably heightened by heating the dish which contains the 
alcoholic mixture, kindling the alcohol, allowing it to burn for a short 
time, then extinguishing the flame, and afberwards rekindling it. At 
the first flickering of the flame its borders will now appear green, even 
though the quantity of the boracic acid be so minute that it falls to 
produce a peroeptible coloring of the flame when treated in the usnal 
manner. As salts of copper also impart a green tint to the flame of 
alcohol, the copper which might be present must first be removed by 
means of hydrosulphuric acid. Presence of metallic Chlorides also may 
lead to mistakes, as the chloride of ethyle ibrmed in that case colors the 
borders of the flame greenish. 

6. If a Solution of boracic acid, or of a borate with an alkali or an 
alkaline earth for base, is mixed with hydrochloric acid to slight, but 
distinct, acid reaction, and a slip of turmeric paper is half dippedinto it, 
and then dried on a watch-glass at 212'' Fab., the dipped Laif shows a 
peculiar red tint (H. Rose). 

This reaction is very delicate ; care must be taken not to confound 
the characteristic red coloration with the blackish-brown color which 
turmeric- paper acquires when moistened with rather concentrated hydro- 
chloric acid, and then dried ; nor with the brownish-red coloration which 
sesquichloride of iron, or a hydrochloric acid Solution of molybdate of 
ammonia, gives to turmeric paper, more particularly upon drying. By 
moistening turmeric-paper reddened by boracic acid with a Solution of 
an alkali or an alkaline carbonate, the color is changed to bluish-black or 
greenish-black ; but a little hydrochloric acid will at once restore the 
brownish-red color (A. Vogel, H. Ludwig). 

7. If a substance containing boracic acid is reduced to a fine powder, 
this, with addition of a drop of water, mixed with 3 parts of a flux com- 
posed of 4^ parts of bisulphate of potassa and 1 part of finely pulverized 
fluoride of calcium, free from boracic acid, and the paste exposed on the 
loop of a platinum wire in the outer mantle of BunserCs gas flame, or at 
the apex of the inner flame of the blowpipe, fluoride of boron escapes^ 

I. M 
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"which imparts to the flame— though onlj for a few instants — a green 
tint. With readilj decomposed Compounds the reaction maj be ob- 
tained bj simply moisteniDg the sample with hydrofluosilicic acid, and 
Holding it in the flame. 

8. Boracic acid or borates, fused together with carbonate of soda, 
give, when placed in the flame of the apectrum appareUuSf a spectrum of 
four strong green and blue lines of equal width^ atid placed at equal dis- 
tances. BOa is yellowish-green, and coincides with Ba y ; BO/3 is light 
green, and coincides with Ba/3; BOy is faint bluish-green, and almost 
coincides with the blue barium Hne. B O 3 is verj faint blue, and does 
not quite reach Sr^. Fresence of alkali and alkaline earths does not 
prevent the reaction. 

§ 145. 

c. OxAuc Acid (C^O^-ü). 

1. The HYDRATE DP OXALIC ACID (2 HO, C^OJ is a white powder; 
the crystallized acid (2 HO, C^O^ + 2 aq.) forms colorless rhombic prisms. 
Both dissolve readilj in water and in spirit of wine. By heating rapidly 
in open vessels part of the hydrated acid undergoes decomposition, 
whilst another portion volatilizes unaltered. The fumes of the vola- 
tilizing acid are very irritating and provoke coughing. If the hydrate 
is heated in a test-tube the greater part of it sublimes unaltered. 

2. The whole of the Oxalates undergo decomposition at a red heat, 
the oxalic acid being converted iuto carbonic acid and carbonic oxide. 
Those with an alkali or an alkaline earth for base are in this process 
converted into carbonates (if pure, almost without Separation of char- 
coal). Oxalate of magnesia is converted into pure magnesia even by a 
very gentle red heat. The Oxalates with metallic bases leave either the 
pure metal or the oxide behind, according to the greater or less degree 
of reducibility of the metallic oxide. The alkaline Oxalates, and also 
some of the Oxalates with metallic bases, are soluble in water. 

3. Cldoride of ha/nwm produces in neutral Solutions of Oxalates a white 
precipitate of Oxalate op bartta (2 BaO, C^O^ + 2 aq.), which dissolves 
very sparingly in water, more readily in water containing chloride of 
ammonium, acetic acid, or oxalic acid, freely in nitric acid and in hydro- 
ohloric acid; ammonia reprecipitates it fh)m the latter Solutions un- 
altered. 

4. Nitrate of Süver produces in neutral Solutions of oxalic acid and 
of alkaline Oxalates a white precipitate of Oxalate op silver (2 AgO, 
O^Og), which is readily soluble in concentrated hot nitric acid and also 
in ammonia, but dissolves with difficulty in dilute nitric acid, and is 
most sparingly soluble in water. 

5. Lime-ioater and all the solvhle saUs of lime, and consequently also 
Solution of sulphcUe of Urne, produce in even highly dilute Solutions of 
free oxalic acid or of Oxalates of the alkalies, white finely pulverulent 
]>recipitates of Oxalate op lime (2 CaO, 0^0^ + 2 aq., and occasionally 
2 CaO, C^Og+ 6aq.), which dissolve readily in hydrochloric acid and in 
nitric acid, but are nearly insoluble in oxalic acid and in acetic acid, and 
almost absolutely insoluble in water. The presence of salts of ammonia 
does not interfere with the formation of these precipitates. Addition of 
ammonia considerably pi*omotes the precipitation of the free oxalic acid 
by salts of lime. In highly dilute Solutions the precipitate is only formed 
after some time. 
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6. If hjdrated oxalic acid (or an Oxalate), in the diy State, is heated 
with an excess of concenircUed nUphuric acid^ the latter withdraws froni 
the oxalic acid its conatitational water, and thus causes its decompositioii 
lato CAKBOKic AOiD and cakbonio oxidb (0^0^ = 2 00 + 2 COJ, the 
two gases escaping with effervescence. If the quantity operated upon in 
not too minute the escaping carbonic oxide gas may be kindled ; it bums 
with a blue flame. Should the salpburio acid acquire a dark color iu 
this reaction, this is a proof that the oxalic acid contained some organio 
Bubstanoe in admixture. 

7. If oxalic acid or an Oxalate is mixed with some finely pulverizod 
binoxide of manganese (which must be free from carbonates), a little 
water added and a few drops of sulphuric acid, a lively efiervescence 
ensues, caused by the escaping carbonic acid [2 MnO, + O + 2 SO 
= 2{MnO,SO,) + 4COa 

8. If Oxalat^ of alkaline earths are boiled with a concentrated Solu- 
tion of carbonate of soda, and the fluid filtered, the oxalic acid is 
obtained in the filtrate in combination with soda, whilst the precipi- 
tate contains the base as carbonate. With Oxalates containing for 
their base oxides of heavy metals, this Operation is not always sure to 
attain the desired object, as many of these Oxalates, e.g, Oxalate of prot- 
oxide of nickel, will partially dissolve in the alkaline fluid, with forma- 
tion of a double salt. Metals of this kind should fherefore be separated 
as sulphides. 

§ 146. 

d, Hydroplüoric Acid (HF). 

1. Anhydrous htdrofluorio acid is a colorless corrosive gas, which 
fumes in the air, and is freely absorbed by water. Liquid hydrofluoric 
acid is distinguished £rom all other acids by the exclu»ive property it 
possesses of dissolving crystallized silicic acid, and also the Silicates which 
are insoluble in hydrochloric acid. Fluoride of Silicon and water are 
formed in the process of Solution (Si 0, + 2 H F = SiF, + 2 HO). Hy- 
drofluoric acid decomposes with metallic oxides in the same manner, 
metallic fluorides and water being formed. 

2. The FLUORIDES of the alkali metals are soluble in water; the Solu- 
tions have an alkaline reaction. The fluorides of the metals of the 
alkaline earths are either altogether insoluble in water, or they dissolve 
in that menstruum only with very great difficulty. Fluoride of alu- 
minium is readily soluble. Most of the fluorides oorresponding to the 
oxides of the heavy metals are very sparingly soluble in water, as, for 
instance^ the fluorides of copper, lead, and zinc ; many other of the 
fluorides of the heavy metals dissolve in water without difficulty, as, for 
instance, the sesquifluoride of iron, protofluoiide of tin, fluoride of 
mercury, &c Many of the fluorides insoluble or difficultly soluble in 
water dissolve in free hydrofluoric acid ; others do not. Most of the 
fluorides bear ignition in a crucible without suflering decoüiposition. 

3. Chloride qf barium precipitates aqueous solutioos of free hydro- 
fluoric acid, but much more completely Solutions of fluoride of the 
alkalies. The bulky white precipitate of Fluoride of barium (BaF) is 
almoat absolutely insoluble in water, but dissolves in large quautities 
of hydrochloric acid or nitric acid, from which solutioDS ammonia falls 
to precipitate it, or throws it down only very incompletely, owing to 
the dissolving action of the neutral ammonia salts. 

m2 
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4. Cldoride of calcium prodnces in aqueous Solutions of hydroflaorie 
aoid or of fluorides a gelatinons precipitate of Fluoride of calcium 
(Ca F), which is so transparent as at first to induoe the belief that the 
fluid has remained perfectlj clear. Addition of ammonia promotes the 
coniplete Separation of the precipitate. The precipitated flnoride of 
calcium is almost absolutely insoiuble in water, and only verj alightly 
soluble in hjdrochloric acid and nitric acid in the oold ; it dissolves 
somewhat more largely upon boiling with bjdroohloric acidL Ammonia 
produces no precipitate in the Solution, or onlj a very trifling one, as 
the Salt of ammonia formed retains it in Solution. Fluoride of calcium 
is scarcely more soluble in &ee hydroflnoric acid than in water. It is 
insoiuble in alkaline fluids. 

5. If a fiuely pulverized fluoride, no matter whether soluble or in- 
soiuble, is treated in a platinum crucible with just enough concenirated 
8ulj)huric acid to make it into a thin paste, the crucibl^ covered with 
the convex face of a watchglass of hard glass coated with bees-wax, 
which has been removed again in some placcs by tracing lines in it with 
a ]K)ii)ted piece of wood, the hollow of the glass filled with water, and 
the crucible gently heated for the space of half an hour or an hour, the 
exposed lines will, upon the removal of the wax, be found more or less 
deeply £TCHED into the glass.* If the quantity of hydrofluoric acid 
disengaged by the sutphuric acid was very minute, the etching is oft^n 
invisible upon the removal of the wax ; it will, however, in such cases 
i*eappear when the plate is breathed upon. This reappearance of the 
etohed lines is owing to the unequal capacity of coudensing water which 
the etched and the untouched parts of the plate respectively possesSb 
The impressions which thus appear upon breathing on the glass may, 
however, owe their origin to other causes ; therefore, though their non- 
appearance may be hcld as a proof of the absence of fluorine, their ap« 
pearance is not a positive proof of the presence of that dement. At all 
events, they ought only to be considered of value where they can be 
developed again after the glass has been properly washed with water, 
dried, and wiped.t 

This reaction (5) fails if there is too much silicic acid present, or if the 
lK>dy uniler examination is not decomposed by sulphurio acid. In such 
cases the one or the other of the two following methods is resorted to, 
acoording to circumstances. 

6. If we have to deal with a fluoride decomposahle hy ttUphuric cteid, 
but mixed with a large proportion of silicic acid, the fluorine in it may 
be detectcd by heatiug the mixture in a test-tube with concentroUed 
siUphuHc addy as fluosilicic gas is evolved in this process, which forms 
dense white fumes in moist air. If the gas is condncted into water 
through a beut tube moistened inside, the latter has its trausparency 
more or less impaired, owing to the Separation of silicic acid. If the 

* The coating with wax may be readily effecied by heating the glass cautiously, 
putting a small piece of wax upon tbe convex face, and spreading the fused maas 
equally over it. The removal of the wax coating ia effected by heating the gUua 
gently, and wiping the wax off with a cloth. 

f J. NiCKL&s Btutea that etchings on glass may be obtained with all kinds of 
Rulnhuric acid, and, in fact, with all acids suited to efiPect evolution of hydrofluoric 
acid. I have tried watch-glasses of Bohemian glasa with sulphuric and other acida, 
but could get no etchings in confirmation of this Statement. Still, proper caution 
demands that before using the sulphurio acid, it should firat be positively ascertained 
that its fumes will not etch glass. 



HYDEOFLUORIC ACID. 165 

quantity operated upon is rather considerable, hydrate of silicic acid sepa- 
rates in the water, and the fluid is rendered acid by hydrofluosilicic acid. 
The foUowing process answers best for the detection of smaller quan- 
tities of fluorine. Heat the sabstance with coocentrated sulphuric acid 
in a flask closed with a cork with double Perforation, bearing two tubcs, 
of which one reaches down to the bottom of the flask, whilst the other 
terminates immediately under the cork. Oondnct through the longcr 
tube a slow stream of dry air into the flask, and conduct this, upon its 
re-issuing through the other tube, into a U-shaped tube containing a 
little ammonia, and connected at the other end with an aspirator. The 
silicofluoric gas, which escapes along with the air, decoroposes with the 
ammonia, more particularly upon the appUcation of agentle heat toward^ 
the end of the prooess, fluoride of ammonium and hydrated silicic acid 
being formed. Filter, evaporate in a platiuum crucible to drynens, and 
ezaniine the residue by the method described in 5. — For more difficultly 
decomposable substances bisulphate ot potassa is used instead of sulphuric 
acid, and the mixture, to which some marble is added (to ensure a con- 
tinuoos slight evolution of gas), heated to fusion, and kept in that state 
for some time. 

7. Compounds not decomposable by sulphuric acid must first be fused 
with four parts of carbonate of soda and potassa. The fused mass is 
treated with water, the Solution filtered, the tiltrate concentrated by evapo- 
ration, allowed to cool, transferred to a platiuum or silver vessel, hydro- 
chloric acid added to feebly acid reaction, and the fluid allowed to stand 
until the carbonic acid has esca{)ed. It is then supersaturated with am- 
monia, heated, filtered into a bottle, chloride of calcium added to the still 
bot fluid, the bottle closed, and allowed to stand at rest If a precipitate 
separates after some tirae it is collected on a Alter, dried, and examined 
by the method described in 5 (H. Kose). 

8. Minute qnantities of metallio fluorides in minerals, slags, &c., may 
also be readily detected by means of the blowpipe. To this end bend a 
piece of platiuum foil in gutter-shape, insert it in a glass tube as shown 
in Fig. 33, introduoe the finely tritu- 

rated substanoe mixed with powdered 
piiospbat« of soda and ammonia fused 
on charcoal, and let the blowpipe flame Fig. 33, 

play upon it in a manner to make the 

producta of combustion pass into the tube. If fluorides of metals are 
preseut hydrofluoric acid gas is evolved, which betrays its presence by 
its pungent odor, tho dimming of the glass tube (which becomes pei*cep- 
tible only after cleaning and drying), and the yellow tint which the acid 
air issuing from the tube imparts to a moist slip of Brazil-wood paper* 
(Berzeuus, Shithson). When Silicates containing metallic fluorides 
are treated in this manner gaseous fluoride of Silicon is formed, which 
also colors yeUow a moist slip of Brazil-wood paper inserted in the tube, 
and leads to silicic acid being deposited within the tube. After washing 
and drying the tube, it appears here and there dimmed. In the 
case of minerals containing water the presence of even a small proportion 
of metallic fluorides will usually suffioe upon heating, even without addi- 
tion of phosphate of soda and ammonia, to color yellow a moistened slip 
of Brazil-wood paper inserted in the tube (Bebzblius). 

* Prepared by moiitetuDg slips of fine prinUng- paper with decoction of Bnueil-wood. 
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§ 147. 

Ecrapitvlation and remarks, — The baryta Compounds of the actds of 
the third division are dissolved by hydrochloric acid, appArentlj witliooi 
ain(iergoin^ decomposition ; alkalies thereforereprecipitate them analtered, 
by Deutralizing the bydrochloric acid. The baryta ooraponnds of theadds 
of the tirst division of the first group show, however, the same deport- 
in ent ; these acids raust, therefore, if present, be reinoved before any ood- 
clusion regarding the presence of phonphoric acid, boracic acid, ozalic add, 
or hydrofluoric acid, can be drawn from the reprecipitation of a alt of 
baryta by alkalies. But even leaving this point altogether oat of tlte 
question no great value is to be placed od this reaction, not evea so fax 
aH tho simple detection of these acids is conoeraed, and £Etr lern still ai 
regards their Separation from other acids, since ammonia fiüls to repreo- 
pitate from bydrochloric acid Solutions the salts of baryta in question. 
and more particularly the borate of baryta and the fluoride of barium, if 
the Solution contains any considerable proportion of free acid or of an am- 
moniacal salt. Borado acid is well characterized by the coloration whieh 
it imparts to the flame of alcohol, and also by its action on tnrmeno- 
])aper. The latter rcaction is more particularly suited for the detection 
of vcry min Ute traces of boracic acid. Oxides of the heavy metals, if 
prenent, are most conveniently removed first by hydroeolphoric acid or 
ßulphido of animonium. Before proceeding to ooncentrate dilnte Solu- 
tions of boracic acid the acid must be combined with an alkali, othenrise 
a large portion of it will volatilize along with the aqueons vapors. 

Thü detection of phoapluxric acid in Compounds soluble in water is not 
difficnlt j the reactiou with sulphate of magnesia is the best adapted 
for the purposa The detection of phosphoric acid in insolnble Com- 
pounds can not be effected by means of magnesia Solution. Sesqniohloride 
of iron (§ 142, 9) is well suited for the detection of phosphoric acid in 
its salts with the alkaline earths, and more particularly for the Separation 
of the acid from the alkaline earths ; the nitric acid Solution of molyb- 
date of ammonia is more especially adapted to effect the detection of 
])hosphoric acid in presence of alumina and sesquioxide of iron. I 
muRt repeat again that both these reactions demand the strideH 
attention to the directions given in § 142, 9 and 10. If present in 
combination with metallic oxides of the fourth, fifth, or sixth group, it 
may be isolated, either by the method given in § 142, 11, or simply by 
removing the bases by precipitating them with hydroeulphuric acid or 
sulphide of ammonium. 

Oxalic acid may always be easily detected in aqueous Solutions of 
Oxalates of the alkalies, by Solution of sulphate of lime. The formation 
of a fiuely pulverulent precipitate, insoluble in acetic acid, leaves 
hardly a doubt on the point, as racemic acid alone, which occurs so very 
rai*ely, gives the same reaction. In case of doubt the Oxalate of lime 
may be readily distinguished from the paratartrate^ or racemate, by 
simple ignition, with exclusion of air, as the decomposed paratartrate 
leaves a considerable proportion of charcoal behind ; the paratartrate 
dissolves moreover in cold Solution of potassa or soda, in which Oxalate 
of lime is insoluble. The deportment of the Oxalates with sulphuric 
acid, or with binoxide of manganese and sulphuric aoid, atibrds also 
Rufficient means to confirm the results of other tests. In insoluble salts 
the oxalic acid is detected most safely by decomposing the insdlttble 
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Compound bj boiling with solation of carbonate of soda, or ia Oxalates 
with üxides of the heavy metals, by hjdrosulphuric acid or sulphide of 
ammonium (§ 145, 8). I must finally also öaM attention bere to tbe 
£act tbat tbere are certain soluble Oxalates which are not precipitated by 
salts of lime ; tbese are more particularly Oxalate of sesquioxide of 
cbromium, and Oxalate of sesquioxide of iron. Their non-precipitation 
is owing to tbe circumstance tbat tbese salts form soluble double salts 
witb Oxalate of lime. In salts decomposable by sulpburic acid, tbe 
ht/drqfliumc acid is readily detected ; only it must be borne in mind 
tbat an over large proportion of sulpburic acid impedes tbe free evolu- 
tlon of bydrofluoric gas, and tbus impairs tbe delicaoy of tbe reaction ; 
also tbat tbe glass cannoi be distinctly etched if, instead of bydrofluoric 
gas, fluosilicic gas alone is evolved ; and tberefore, in tbe case of Com- 
pounds abouuding in silica, tbe safer way is to try, besides the reaction 
given § 146, 5, also tbe one given in § 146, 6. — In Silicates wbicb are 
not decomposed by sulpburic acid tbe presence of fluorine is ofben over- 
looked, because tbe analyst omits to examine tbe Compound carefully by 
tbe metbod given § 146, 7. 

§ 148. 
Phosphobous Aom (PO,). 

AnhydrouB phosphorotis acid is a white powder, which admits of Bablimation, and 
banu when heated Id the air. It forma with a small proportion of water a thickish 
flaid, which crystallizes by long standing. Heat decomposes it into hydrated phos- 
phoric acid and phosphuretted hydrogen gas, which does not spontaneously take fire. 
It freely dissolves in water. Of the salts those with alkaline base are readily soluble 
in water. All the others sparingly soluble ; the latter dissolve in dilute acids. All the 
salts are decomposed by ignition into pbosphates, which are left behind, and hydrogen 
gas, or a mixture of hydrogen and phosphuretted hydrogen, which escapes. With 
nitrate of silver Separation of metallio silver takes place, more especially upon addition 
of ammonia and application of heat ; with nitrate of siuboxide of mercury, under the 
same circumstances, Separation of metallio mercury. From chloride of mcrcury in 
excess phoephorous acid throws down subchloride of mercury after some time, more 
apidly upon heatiog. Chloride of harium and chloride of calcium produce in not 
over-dilute Solutions of phosphorous acid, upon addition of ammonia, whit« precipitates, 
which are soluble in acetic acid. A mixture of sulphate of magnesia, chloride of am- 
monium, and ammonia will precipitate only soroewhat more concentrated Solutions. 
ÄeeUUe of lead throws down white phosphite of lead, insoluble in acetic acid. By 
heating to boiling with auLpkurow acid in exoess phosphorio acid is formed, attended 
by Separation of sulphur. 

In contact with zinc and düute sulphuric acid phosphorous acid gives a mixture of 
hydrogen gas with phosphuretted hydrogen, which accordingly fumes in the air, bums 
with an emeraid-green oolor, and precipitates phosphide of silver from Solution of 
nitrate of silver. 

Fourih Division ofthe First Group ofthe Inorganic Äcids. 

§ 149. 
o. Carbokic Acid (00,). 

I. Oarbon is a solid tasteless and inodorous body. Tbe very bigbest de- 
greesof best alone cau eflect its fusion and volatilization (Despretz). All 
carbon is oombustible, and yields carbonic acid wben burnt witb a suffioient 
supply of oxygen or atmospberio air. In tbe diamond tbe carbon is 
crystallized, transparent, pellucid, exceedingly hard, diflioultly oombus- 
tible ; in tbe form of grapbite it is opaque, blackisb-gray, soft, greasy to 
the toochj difficoltly combustible, and stains the fingers; as cbarcoal 
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produced by the decomposition (destructive diatillation) of organio 
matters it is black, opaque, noncrystalline — occasionally dense, shiiiing, 
and difficultly combubtible, aad occasioually porous^ dull, and readily 
combustible. 

2. Carbonic ACID, at the common temperature and common atmo- 
Bpheric pressure, is a colorless gas of far higher specific gravity thau 
atmospheric air, so that it may be poured from oue vessel iuto another. 
It is almoat inodoroas, has a sourish taste, and reddens moist litmus-paper ; 
bnt the red tint disappears again lipon drying. Carbonic acid is readily 
absorbed by Solution of potassa ; it dissolves pretty copiously in water. 

3. The AQUEOUS SOLUTION OF CARBONIC AUD has a feebly acid and 
pungent taste ; it transiently imparts a red knt to litmufhpaper, and 
colors Solution of litmiis wine>red ; it loses its carbonic acid when shakeu 
with air in a half-filled bottle, and more completely still upon appli- 
cation of heaU Some of the carbonates lose thoir carbonic acid by 
ignition; those with colorless oxides are white or colorless. Of the 
neutral carbonates only those with alkaline bases are soluble in water. 
The Solutions manifcHt a Tery streng alkaline reaction. Besides the car« 
bonates with alkaline bases, those also with an alkaline earth for base, 
and some of those with a metallic base, dissolve as acid or bicarbonates. 

4. The carbonates are deoomposed by all fret acids soluble in water, 
with the exception of hydrocyanic acid and hydrosulphuric acid. The 
decomposition of the carbonates by acids is attended with effervescengk, 
the carbonic acid being disengaged as a colorless and almost inodorous 
gas, which transiently imparts a reddish tint to litmus-paper. It is 
necessary to apply the decomposing acid in excess, especially when 
operating upon carbonates with alkaline bases, since the formation of 
bicarbonates will frequently prevent effervescence if too little of the 
decomposing acid be added. — Substances which it is intended to test for 
carbonic acid by this method should first be heated with a little water^ 
to prevent any mistake which might arise from the escape of air-bubbles 
upon treating the dry substances with the acid. Where there is reason 
to apprehend the escape of carbonic acid upon boiling with water, lime 
water should be used iustead of pure water. If it ia wished to determine 
by a direct experiment whether the disengaged gas is really carbonic 
acid or not, this may be readily accomplished by dipping the end of a 
glass rod in baryta water, and inserting the rod into the test-tube, 
bringing the moistened end near the surfeice of the fluid in the tube, 
when ensuing turbidity of the baiyta water on the glass rod will prove 
that the evolved gas is really carbonic acid, since 

ö, Litne-waier and bart/lchuxUer, brought into contact with carbonic 
acid or with soluble carbonates, produce white precipitates of neutral 
CARBON ATE OF UME (CaO, CO,), or neutral carbonate of bartta (BaO, 
CO,). In testing for free carbonic acid the reagents ought always to be 
added in excess, as the acid carbonates of the alkaline earths are soluble 
in water. The precipitated carbonates of lirae and baryta dissolve in 
acids, with eflervescence, and are not reprecipitated from such Solutions 
by ammonia, afler the complete expukion of the carbonic acid by ebul- 
lition. As lime- water dissolves very minute quantities of carbonate of 
lime, the detection of exceedingly minute traces of carbonic acid requires 
the use of a lime- water saturated with carbonate of lime by long digestioa 
with the latter salt (Welter, Berthollet). 

6. Cldoride of calcium and chloride of hikrivm immediately produce in 
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BolationB of neutral alkaline carbonates, precipitates of cabbokatb of 
LIMB or of KARBONATE OF BARYTA ; in (ülute solutions of bicarbonates 
tbese precipitates are formed only upon ebullition ; with free carbonio 
acid these reagents give no precipitate. 

§ 150. 

6. Siucic Acid (SiO,). 

1. Siucio ACID is colorless or white» even in the hottest blowpipe 
flame unalterable and infusible. It fuses in the flame of the oxyhydrogen 
blowpipe. It is met with in two modifications (more correctly speaking; 
in the crystalline and in the amorphous state). It is insoluble in water 
and addsy with the exception of hydrofluoric acid ; whilst its hydrato is 
solublc in acidp, but only at the moment of its Separation. The amor- 
phous silicic acid and the hydrate dissolve in bot aqueous solutions of 
caustic alkalies and of fixed alkaline carbouates ; but the crystallized 
acid is insoluble or nearly so in these fluids. If either of the two is 
fused with pure alkalies or alkaline carbouates a basic Silicate of the 
alkali is obtÄined, which is soluble in water, and from which acids again 
separate hydrated silicic acid. The siucates with alkaline bases idone 
are soluble in water. 

2. The solutions of the alkaline Silicates are decomposed by all acids. 
If a large proportion of hydrochloric acid is added at once to even con- 
centrated solutions of alkaline Silicates the separated silicic acid remains 
in Solution ; but if the hydrochloric acid is added gradually drop by 
drop, whibt stirring the fluid, the greater part of the silicic acid sepa- 
niea as gelatinous hydrate. The more dilute the fluid, the more silicic 
acid remains in Solution, and in higJdy dilute solutions uo precipitate is 
formed. But if the Solution of an alkaline Silicate, mixed with hydro- 
chloric or nitric acid in excess, is evaporated to dryness silicic acid 
separatea in pro}>ortion as the acid escapes ; upon treating the residue 
with hydrochloric acid and water the silicic acid remains in the free 
ttate (or, if the temperature in the process of dryiug was restricted to 
212^, as hydrate, HO, 4 SiO,), as an insoluble white powder. Chloride 
of ammonium produces in not over-dilute solutions of alkaline Silicates 
precipitate» of hydrate of silicic acid (containing alkali). Heating pro- 
motes the Separation. 

3. Some of the Silicates insoluble in water are decomposed by hydro- 
chloric acid or nitric acid, öthers are not aflected by these acids, not even 
Qpon boiling. In the decomposition of the former the greater portion of 
the silicic acid separates usually as gelatinous, more rarely as pulverulent 
hydrate. To efiect the complete Separation of the silicic acid^ the hydro- 
chloric acid Solution, with the precipitated hydrate of silicic acid 
ftU8f)euded in it, is evaporated to dryness, the residue heated witli stirring, 
at a uniform temperature above the boiling point of water uutil no more 
acid fumes escape, then moistened with hydrochloric acid, heated with 
water, and the fluid containing the bases flltered from the residuary in- 
soluble ailioic acid. 

4. Of the Silicates not decomposed by hydrochloric acid many, e,g,y 
kaolin, are oompletely decomposed by heating with a mixture of 8 parts 
of hydrated sulphuric acid and 3 parts of water, the decomposition being 
attended with Separation of silicic acid in the pulverulent form ; many 
others are acted upon to some extent by this reagent. 
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5. If a Silicate, reduced to a fine powder, is fused with 4 pai-ts of car- 
honaie ofpotaaaa and soda iintil the evolution of carbonic acid has ceased, 
and the fused mass is then boiled with water, the greater part of the 
silicic acid dissolves as alkaline Silicate, whilst the alkaline earths, the earths 
proper (with the exception of alumina and baryta, which pass more 
or less completelj into the Solution), and the heavy metallic oxides are 
lefb undissolved. If the fused mass is treated with water, then, without 
previous filtration, hydrochlorio or nitric acid added to strongly acid 
reaction, and the fluid treated as directed in 3, the silicic acid is lefb 
undissolved, whilst the bases are dissolved. If the powdered Silicate is 
fused with 4 parts of hydrate of baryta, the fused mass digested with 
water, with addition of hydrochloric or nitric acid, and the acid Solution 
treated as directed in 3, the silicic acid separates, and the bases, especially 
also the alkalies, are foand in the filtrate. 

6. If hydrofliioric acid, in concentrated aqueous Solution or in the 
gaseous State, is made to act upon silicic acid, fluosilic gas escapes 
(SiO, + 2 HF = Si F, + 2 HO) ; dilute acid dissolves silica to hydrofluo- 
siUcic acid (Si O, + 3 H F = Si F., H F + 2 H O). Hydrofluoric acid acting 
upon Silicates gives rise to the formation of silicofluorides (OaO, SiO, + 
3HF = SiF„ CaF + 3H0), which by heating with hydrated sulphuric 
acid are changed to sulphates, with evolution of hydrofluoric and fluo- 
silicic gaa If the powdered Silicate is mixed with Ö parts of fluoride of 
calcium in powder, the mixture made into a paste with hydrated sul- 
phuric acid, and heat applied (best in the open air) uutil no more fumes 
escape, the whole of the silicic acid present volatilizes as fluosilicic gas. 
The bases present are found in the reaidue as sulphates, mixed with 
sulphate of lime. 

7. If silicic acid or a Silicate is fused with carboncUe of soda on the 
loop of a platinum wire frothing is observed in the fusing bead, owing 
to the disengagement of carbonic acid. If the proper proportion of car- 
bonate of soda is not exoeeded the bead of Silicate of soda formed in the 
process will remain transparent on cooling. 

8. FhospJuUe of soda and aniTnania, in a State of fusion, fails nearly 
altogether to dissolve silicic acid. If therefore silicic acid or a Silicate is 
fused, in small fragments, with phosphate of soda and ammonia on a 
platinum wire the bases are dissolved, whilst the silicic acid separates 
and floats about in the dear bead as a more or less transparent mass, 
exbibiting the shape of the fragment used in the experiment. 

§151. 

Eecapüula^tion and remarks. — Free carbonic acid is readily known by 
its reaction with lime- water ; the carbonates are easily detected by the 
evolution of a nearly inodorous gas, which takes place when they are 
treated with acids. When operating upon Compounds which evolve 
other gases besides carbonic acid, the disengaged gas is to be tested with 
lime-water or baryta-water. Silicic acid, both in the free state and in 
Silicates, may usnally be readily detected by the reaction with phosphate 
of soda and ammonia. It diflers moreover from all other bodies in the 
form in which it is always obtained in analyses, by its insolubility in 
acids (except hydrofluoric acid), and its solubility in boiling Solutions of 
pure alkalies and alkaline carbonates, and from many bodies by com- 
pletely volatilizing upon repeated evaporation in a platinum dish, with 
hydrofluoric acid or fluoride of ammonium and sulphuric acid. 
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8EC0XD CROUP OF THE IKORGANIC ACIDS. 
ACIDS WHICH ARE PRECIPITATED BY NlTRATE OP SiLVER, BUT NOT BY 

Chloride op Barium : Uydrocfdoric Äcid, Hydrobromic Acid, Uy^ 
driodic Acidy Hydrocyanic Äcidf Hydrqferro- and Hydroferricyanic 
Äcid, ffydrostUphuric Acid (Nitrous Acid, Hypochlorous Acid, Chlo- 
roas Acid, Hjpophosphorous Acid). 

The silver oompounds oorrespODdiDg to the acids of this gronp are in- 
aolable in dilute nitric acid. The acids of this group decompose with 
metallic oxidee, the metals combining with the chlorine, bromine, 
cjanogen, iodine, or sulphur, whilst the oxjgen of the metallic oxide 
forma water with the hydrogen of the hydracid. 

§152. 
a. Hydrochloric Acid (HCl). 

1. Chlorixe is a heavy yellowish-green gas of a disagreeable and 
snffocating odor, which has a most injurious action ui)on the respiratory 
Organs ; it destroys vegetablo colors (litmas, indigo-blue, kc) ; it is not 
inflammable, and snpports the combiistion of few bodies only. Minutely- 
divided antimony, tin, <fec., spontaneonsly ignite in it, and are cooverted 
into Chlorides. It dissolves pretty freely in water ; the chlorine water 
formed has a faint yellowish-green color, smells strongly of the gas, 
bleaches vegetable colors, is decomposed by the action of light (§ 27), 
and loses its smell when shaken with mercury ; in this process the latter 
is converted into a mixture of subchloride and metallic mercury. Sniall 
qnantities of &ee chlorine may be readily detected in a fluid, by adding 
the latter to a Solution of pure protoxide of iron mixed with sulpho- 
Cyanide of potassium ; the Solution is at once colored red by the action 
of the free chlorine ; — or, also — where no nitrous acid is present — by 
adding the fluid to a dilute Solution of iodide of potassium mixed with 
starch-paste. (See § 154, 9.) 

2. Hydrochloric acid, at the common temperature and common 
atmospheric pressure, is a colorless gas, which forms dense fumes in the 
air, is suflbcating and very irritant, and dissolves in water with exceeding 
facility. The more concentrated Solution (fuming hydrochloric acid) 
loses a large portion of its gas upon heating. 

3. The neutral metallic Chlorides are readily soluble in water, with 
the exception of chloride of lead, chloride of silver, and subchloride of 
mercury ; most of the Chlorides are white or colorless. Many of them 
volatilize at a high temperature, without suflering decomposition ; others 
are decomposed upon ignition, and many of them are fixed at a moderate 
red heat. 

4. NUrcUe of aüver produces in even highly dilute Solutions of free 
hydrochloric acid or of metallic Chlorides white precipitates of chloride 
OP SILVER (AgCl), which upon exposure to light change first to violet, 
then to black; they are insoluble in dilute nitric acid, but dissolve 
readily in ammonia as well as in Cyanide of potassium, and fuse without 
decomposition when heated. (Compare § 115, 7.) 

5. Nürate ofavboocide of mercury and acetate of Uad produce in Solu- 
tions containing free hydrochloric acid or metallic chlorides preci[»itate8 

of SUBCHLORIDE OP MERCURY (Hg, Cl) and CHLORIDE OP LEAD (Pb Cl). 

For the properties of these precipitates see § 116, 6, and § 117, 7. 

6. If hydrochloric add is heated with binoxide qf mcmgcmeee, or a 
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Chloride with hinoodde of manganese and stdphurlc actd, chlorine gas is 
evolved, which may be readily recognised by ita odor, its yellowish- 
GREEN color, and its bleachiug action upon yegetable colors. The best 
way of testing the latter is to expose to the gas a slip of nioist litmus- 
paper^ or a slip of moist paper colored with Solution of indigo. 

7. If a metallic chloride is triturated together with Chromate of 
pokusa, the roixture treated with conceatrated atdphuric acid in a tubu- 
lated retort, and a gentle heat applied, a deep brownish-red gas is copiously 
evolved (chlorochromic acid, CrO,Cl), which condenses into a fluid 
of the same color, and passes over into the receiver. If this distillate 
is mixed with ammonia in excess, a yellow-colored liquid is produced ; 
the yellow tint is imparted to the fluid by the Chromate of ammonia 
which forras in this process (Cr O, Cl + 2 NH^O = NH^ Cl + NH^ 0, 
Cr O,). Upon addition of an acid the color of the Solution changes 
to a reddish-yellow, owing to the formation of acid Chromate of am- 
monia. 

8. In the metallic chlorides insoluble in water and nitrio acid the 
chlorine is detected by fusing them with carbonate of soda and potassa, 
and treating the fused mass with water, which will dissolve, besides the 
excess of the alkaline carbonate, the chloride of the alkali metal formed 
iu the process of fusion. 

9. If in a bead ofphospJuUe o/soda and ammonia on a platinum wire 
oxide qfcopper be dissolved in the outer blowpipe flame in sufficieut 
quantity to make the mass nearly opaque, a trace of a substance contain- 
irig chlorine added to it while still in fusion, and the bead then exposed 
to the reducing flame, a fine blue-colored flame, inclining to purple, 
will be seen encircling it so long as chlorine is present (Bkrzelius). 

§ 153. 
h. Htdrobrohic Acid (HBr). 

1. Bromine is a heavy reddish-brown fluid of a very disagreeable chlo- 
rine-like odor; it boils at 145 '4° F., and volatilizes rapidly even at the 
common temperature. The vapor of bromine is brownish-red. Bromine 
bleaches vegetable colors like chlorine ; it is pretty soluble in water, 
bat dissolves more readily in alcohol, and very freely in ether. The 
Solutions are yellowish-red. 

2. Htdrobromic acid gas, its aqueous Solution, and the hetaluc 
brohides ofler in their general deportment a great analogy to the cor- 
respondiDg chlorides. 

3. Nitrate o/silver produces in aqueous Solutions of hydrobromic acid 
or of bromides a yellowish-white precipitate of bromide of silver 
(Ag Br), which changes to gray upon exposure to light ; this precipitate 
is insoluble in dilute nitric acid, and somewhat sparingly soluble in 
anmionia, but dissolves with facility in Cyanide of potassium. 

4. Nitrate of protoxide of palladium, but not protochloride of palla- 
dium, produces in neutral Solutions of metallic bromides a reddish-brown 
precipitate of protobromidb op Palladium (Pd Br). In ooncentrated 
Solutions this precipitate is formed immediately ; in dilute Solutions it 
makes its appearance only after standing some time. 

5. Nitric acid decomposes hydrobromic acid and the bromides, with 
the exception of bromide of silver and bromide of meroury, upon the 
application of heat, and liberates the bromine, by oxidizing the hydrogen 
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or the metal. The liberated bromine colora the Solution yellow or jel- 
lowish-recL When operating upon bromides iu tbe solid state or 
in concentrated Solution, brownish-red (if diluted, brownish-yellow) 
vapors of bromine gas escape at the same time, which, if evolved in 
Biifficient qiiantitj, condense in the cold part of the test-tube to sinall 
drops. In the cold, nitric acid, even the red fuming, fails to liberate the 
bromine contained in rather dilute Solutions of metallic bromides, nor 
ia it liberated by Solution of h3rponitric acid in hydrated sulphurio 
acid, or by hydrochloric acid and nitrite of potassa. 

6. CJdarine, in the gaseous State or in solulionj immediately liberates 
bromine in the Solutions of its Compounds ; the fluid assuming a yel- 
lowish-red tint if the quantity of the bromine present is not too minute. 
A large excess of chlorine must be avoided, since this will cause forma- 
tion of Chloride of bromine, which will destroy the color wholly or 
nearly so. This reaction is made much more delicate by addition of a 
fluid which dissolves bromine and does not mix with water, as sulphide 
of carbon or Chloroform. Mix the neutral or feebly acid Solution in a 
lest tube with a little of one of these flnids, sufficient to form a large 
drop at the bottom, then add dilute chloriue- water drop by drop, and 
shake the tube. With appreciable quantities of bromine, e.g, 1 part in 
1000 parts of water, the drop at the bottom acquires a reddish-yellow 
tint ; with very niiuute quantities ( l part of bromine in 30,000 parts of 
water), a pale yellow tint, which, however, is still distinctly discernible. 
Ilther was formerly usod for this reaction ; this agent is bi/ no mearm 
so well suited for it. A large excess of chlorine- water must be avoided 
in this experiment also, and it must always be ascertained flrst whether 
the chlorine-water, mixed with a large quantity of water and some 
sulphide of carbon or Chloroform, and shaken, will leave these reagents 
quite uncolored. If not, the chlorine- water is not suited for the intended 
purpose. If the Solution of bi*omine in sulphide of carbon or Chloroform 
(or ether) is mixed with some Solution of potassa, the mixture shaken, 
and heat applied, the yellow color disappears, and the Solution now 
contaius bromide of potassium and bromate of potassa. By evaporation 
and ignition the bromate of potassa is converted into bromide of potas- 
sium, and the ignited mass may then be farther tested as directed in 7. 

7. If bromides are heated with binoxide of manganese and hydrated 
sulphuric acid, brownish-red vapors of brohin£ are evolved. Presenoe 
of Chlorides in large proportion is not favorable to the reaction and 
requires addition of some water, and the sulphuric acid to be added 
grsidually in very small quantities. If the bromine is present only in 
very minute quantity, the color of these vapors is not visible. But if the 
mixture is heated in a small retort, and the evolved vapors are traus- 
mitted through a long glass condenser, the color of the bromiue vapors 
may generally be seen by looking lengthways through the tube, aud the 
first drops of the distillate are also colored yellow. The vapors and the 
first drops of the distillate passing over should be received in a test- 
tube containing some starch moistened with water ; since 

8. If moisteued starch is brought into contact with free bromine, 
more especially in form of vapor, yellow bromide of starch is formed. 
The coloration is not always instantaneous. The reaction is rendered 
mofit delicate by sealing tne test-tube which contains the moistened 
starch and the fluid ander examination, and then cautiously inverting it, 
so as to cause the moist starch to oocupy the upper part of the tube 
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whilst tbe fluid occupies the bottom. The presence of even the slightest 
trace of bromine will now, in the course of from twelve to twenty-four 
hours, impart a yellow tint to tbe starcb, wbicb, bowever, after some 
time, will again disappear. Tbe reaction may be called fortb in a simple 
xnanner, almost witb tbe same degree of delicacy, by gently beating tbe 
fluid containing some free bromine, or also tbe original mixture of bro- 
xnide, binoxide of manganese, and sulpburic acid, in a very small beaker, 
covered witb a watcb-glass witb a slip of paper attacbed to tbe lower 
aide, moistened witb starcb paste, and strewed over witb starcb powder. 

9. If sulpburic acid is poured over a mixture of a bromide witb chro- 
mcUe of poiaasa^ and beat is then applied, a brownisb-red gas is evolved, 
exactly as in tbe case of cblorides. But tbis gas consists of pure bro- 
HINE, and therefore tbe fluid passing over does not tum yellow, but 
becomes colorless upon supersaturation witb ammonia. 

10. In tbe metallic bromides wbicb are insoluble in water and nitric 
acid, tbe bromine is detected in tbe same way as tbe chlorine in the 
corresponding cblorides. 

11. If a phasphate of soda cmd ammonia head sattvrated with oxide of 
copper is mixed witb a substance containing bromine, and then ignited 
in tbe inner blowpipe flame, tbe flame is colored blue, inclining to 
GREEN, more particularly at tbe edges (Bebzelius). 

§ 154. 
c Htdbiodio Acid (HI). 

1. loDiNE is a solid soft body of a peculiarly disagreeable odor. It is 
generally seen in tbe form of black, sbining, crystalline scales. It fuses 
at a gentle beat ; at a somewbat higher temperature it is converted into 
iodine vapor, wbicb has a beautiful violet-blue color, and condenses upon 
cooling to a black Sublimate. It is very sparingly soluble in water, but 
readily in alcohol and ether as well as in Solution of iodide of potassium 
in water. The aqueous Solution is of a ligbt-brown, the alcoholic, 
etbereal, and iodide of potassium Solutions are a deep red-brown color. 
Iodine destroys vegetable colors only slowly and imperfeotly ; it stains 
the skin brown ; witb starcb it forms a Compound of an inteusely 
deep blue color. Tbis Compound is formed invariably wbere iodiue 
yapor or a Solution containing free iodine comes in contact witb starcb, 
best with starch-paste. It is decomposed by alkalies, as well as by 
cbloriue and bromine. 

2. Htdbiodig acid gas resembles hydrochloric and bydrobromic acid 
gas ; it dissolves copiously in water. Tbe colorless hydrated hydriodic 
acid tums speedily to a reddisb-brown in contact witb the air, water 
being formed, and a Solution of iodine in hydriodic acid. 

3. Tbe I0DIDE8 also correä^nd in many respects with the cblorides. 
Of tbe iodides of tbe beavy metals, bowever, many more are insoluble 
in water than is the case with the corresponding cblorides. Many 
iodides have cbaracteristic colors, e,g, iodide of lead, subiodide and iodide 
of mercury. 

4. Nitrate of silver produces in aqueous Solutions of hydriodic acid 
and of iodides yellowisb- white precipitates of iodide dp silver (AgI), 
wbicb blacken on exposure to light ; these precipitates are insoluble in 
dilute nitric acid, and very sparingly soluhle in ammonia, but dissolve 
readily in Cyanide of potassium. 
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5. ProioMorule of palladlum and nilrate of protoxide of j>afltidh/m 
produpe even in very dilute Solutions of liydriodic acid or metallio 
iodides a brownish-black precipitate of protiodide of palladiitm (IMI)» 
vbich diflMlves to a trifliug extent in saline soIutions (Solution of clilo- 
ride of sodium, chloride of magnesium, dcc), but is iusoluble or ncarly 
so in dilute cold hydrochloric and nitric acids. 

6. A Solution of 1 part of sulpfuUe of oxide ofcopj>er and 2J jMirts of 
tulphaie of protaxide of iron throws down from neutral atiueous hoIu- 
tions of the iodides scbiodide of coppeb (Cu,1), in the fonn of a dirty- 
white precipitate. The addition of ammonia proniotes the coniplete 

Srecipitation of the iodlne. Chlorides and bromides are not precipitated 
y thia reagent. 

7. Pore nürie fMcid, free from nitrous acid, decomposcs hydriodic acid 
or iodides only when actiug upon them in ics conccMitrated form, |>arti- 
eolarly when aided by the application of heat But nitrous acid and 
ktfponüric (Meid decompose hydriodic acid and iodides with the gr(.>atcst 
üiucili^ even in the moet dilute Solutions. Colorless Solutions of iodides 
therefore acquire immediately a brownish-red color ujKm addition of 
some red fuming nitrio-acid, or of a mixture of this with concvntrated 
sulphuric acid, or, better still, upon addition of a Solution of hyi>onitric 
add in hydrated sulphuric acid, or of nitrite of ]>otaiiria and H<iinu sul- 
phnric or hydrochloric acid. From more concentrated soIutionH the 
iodine separates under theee circumstances in the form of HmuU black 
plates or scales, whilst nitric oxide gas and iodine va|x>rH escafN). 

8. As the blue ooloration of iodide of starcli remains still vinible in 
mnch more highly dilute Solutions than the yellow color of Solutions of 
iodine in water, the delicacy of the reaction just now dcscribcd (7) ia 
considerably heighteued by mixing the fluid to bo tcBte<l for irxlino* tirst 
with some thin olear starchrpasU, then adding one or two dro|Ni of dilute 
Bolphnric acid, to make the fluid acid, and adding iinally one or the 
other of the reagents given in 7. Of the Solution of hy|)onitric acid in 
snlphoric acid a single drop on a glass rod sufQces to prodnce thu reac- 
tion most diatinctly. I can therefore strongly recocnnieiid this reagent, 
which was flrst proposed by OUo. Red fuming nitric acid niust be added 
in somewhat larger quantity, to call forth the reaction in its highest 
intensity; this reagent therefore is not well adapted to detect very 
wunuie quantities of iodina The reaction with nitrito of ])ota88a also 
is rery delicate. The fluid to be tested is mixed with dilute sulphuric 
acid or with hydrochloric acid to distinctly acid reaction, and a drop 
or two of a concentrated Solution of nitrite of potassa is then added. 
In cases where the quantity of iodine present is very miuute the fluid 
tums reddiahy instead of blue. An exoess of the fluid containing 
nitrous acid or hyponitric acid does not materially impair the delicacy 
of the reaction. As iodide of starch disiiolves in hot water to a color- 
less liquid, the fluids must of necessity l>e cold ; the colder they are 
the more delicate the reaction. To attain the highest <]egree of deli- 
cacy, cool the fluid with ico, let the starch deposit, and place the test- 
tube upon white paper to observe the reaction (compare also § 157, 
recapitnlation and remarks). 

9. CUorine gas and cldorine-waier decompose Compounds of iodine 
also^ setting the iodine free ; but if the chlorine is applied in excess the 
libermted t p^»"** oombines with it to colorless chloride of iodine. A 
dflote sohitioii of the metallio iodide, mixed with starch-paste, acquires 
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therefore upon addition of a little clilorine-water at once a blne tint, but 
becomes colorless aguin \\\vm addition of raore cblorine- water. A^ it is 
therefore difficult not to exceed the proper limit, especially wbere tbe 
qoantity of iodine present is only small, chlorine-water is not well- 
adapted for tbe detection of miniite quantities of iodine. 

10. If a Solution coutaining hjdriodic acid or an iodide is mixed witb 
chlaro/orm or sulphide of carbon, so as to leave a few drops undissolved, 
and one of tbe agents by wbicb iodine is liberated (a drop of a Solution 
of hyponitric acid in bydrated sulpburic acid — bydrocbloric acid and 
nitrite of potassa— cblorine water, &c) is added, tbe mixture vigorously 
sbaken, and tben allowed to stand at rest, tbe cbloroform or tbe sulpbide 
of carbon, colored a deeper or ligbter violet-red by tbe iodine dissolved 
in it, separates and subsides to tbe bottom. Tbis reaction also is ex- 
oeedingly delicate. If a Solution oontaining free iodine is raixed with 
ether, and the mixture sbaken, tbe etber acqnires a reddisb-brown or 
yellow color. Tbe color imparted to tbe etber by iodine is mucb 
more intense tban tbat imparted to tbat fluid by an equal quantity of 
bromine. 

11. If metallic iodides are beated witb coricerUrated stdphuric add, 
or witb aulphwric acid and hinoxide of inanganese^ or witb svlphuric 
CLcid and chromtUe of potassa, iodine separates, wbicb roay be known by 
tbe color of its vapor and, in tbe case of very minute quantities, also by 
its action upon a slip of paper coated witb starcb-paste. 

12. Tbe iodides wbicb are insoluble in water and nitric acid coraport 
tbemselvee upon fusion witb carhonate of soda and potassa in tbe same 
mauner as tbe corresponding cblorides. 

13. A phosphcUe of soda and ammonia bead, saturated witb oxide of 
oopper, wben mixed witb a substance oontaining iodine, and ignited 
in tbe inner blowpipe flame, imparts an intense green color to tbe 
flame. 

§ 155. 

d, Hydroctanic Acid (HCy). 

1. Otanooen is a colorless gas of a peculiar penetrating odor ; it bums 
witb a crimson flame, and is pretty soluble in water. 

2. Htdrogtanic aoid is a colorless, volatile, inflammable liquid, tbe 
odor of wbicb resembles tbat of bitter almonds ; it is miscible witb water 
in all proportions ; in tbe pure State it speedily suffers decomposition. 
It is extremely poisonous. 

3. Tbe cyanides witb alkalies and alkaline eartbs are soluble in water; 
tbe Solutions smell of bydrocyanic acid. Tbey are readily decomposed 
by acids, even by carbonic acid ; but ignition fails to decompose tbem if 
access of air is excluded. Wben fused witb oxides of lead, copper, anti- 
mony, tin, <fec., tbe cyanides reduce tbese oxides, and are converted into 
cyanates. Only a few of tbe cyanides witb beavy metals are soluble in 
water ; all of tbem are decomposed by ignition, tbe cyanides of tbe noble 
metals being converted into cyanogen gas and metal, tbe cyanides of tbe 
otber beavy metals into nitrogen gas and metallic carbides. Many of 
tbe cyanides witb beavy metals are not decomposed by dilute oxygen 
acids, and only witb difiiculty by concentrated nitric acid. By beating 
and evaporation witb concentrated sulpburic acid all cyanides are decom- 
posed ; bydrocbloric acid decom2>oses a few of tbem ; bydrosulpburic 
acid decomposes many cyanides. 
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4. The CTANiDES have a great tendency to combine with each other ; 
hence most of the cyanides of the heavy metals dissolve in Cyanide of 
potassium. The resnlting Compounds are either : 

a. Tnie double salts, Compounds of the second order, e.g,f K Cy 4- NiCy. 
From Solutions of such double salts aoids, by decomposing the Cyanide of 
potassium, precipitate the metallic Cyanide wliich was combined with itt 
— Or they are : 

b. Simple haloid salts, Compounds of the first order, in which a 
metal, e.g,j potassium, is combined with a Compound radical consistiug 
of cyanogen and another metal (iron, cobalt, manganese, chromium). 
Compounds of this kind are the ferro- and the ferricyanide of potassium, 
K,Cy,FeorK,Cfy, and K,Cy^Fe,orK,Cfdy, cobalticyanide of potas- 
sium, K^Cy^Co,, &C. From Solutions of Compounds of this nature dilute, 
acids do not separate metallic cyanides in the cold. If the potassium is 
replaced by hydrogen, peculiar hydracids are formed, which must not be 
oonfounded with hydrocyanic acid 

We will now first consider the reactions of hydrocyanic acid and the 
simple cyanides, then, in an appendix to this paragraph, those of hydro- 
ferro- and hydroferricyanic acid. 

5. Nitrate ofsilver produces in Solutions of free hydrocyanic acid and 
of cyanides of the alkali metals white precipitates of Cyanide of silveb 
(AgCy), which are readily soluble in Cyanide of potassium, dissolve with 
8ome difficulty in ammonia, and are insoluble in dilute nitric acid ; these 
precipitates are decomposed by ignition, leaving metallic silver with some 
paracyanide of silver. 

6. If a Solution of stdphate o/protoande qfiron which has been for some 
time in contact with the air, is added to a Solution of free hydrocyanic 
acid no alteration takes place ; but if aolviicm of potassa or soda is now 
added a bluish-green precipitate forms, which consists of a mixture of 
Prussian-blue (Fe^Cfy,), and hydrate of protosesquioxide of iron. Upon 
now adding hydrochloric acid (best after previous application of heat) the 
hydrate of protosesquioxide of iron dissolves, whilst the Prussian-blue 
remains undissolved. If only a very miuute quantity of hydrocyanic 
acid is present the fluid simply appears green after the addition of the 
hydrochloric acid, and it is only after loug standing that a trifling blue 
precipitate separates from it. The same reactions are observed when 
sulphate of protoxide of iron is mixed with the Solution of an alkaline 
Cyanide, and hydrochloric acid is then added. 

f. If a liquid containing a little hydrocyanic acid or Cyanide of potas- 
sium is mixed with sufficient yellow sulphide of ammonium to impart a 
yellowish tint to the fluid, then with a little ammonia, and the mixture is 
warmed in a porcelain dish, with renewal of the water if necessary, until 
it has become colorless, the excess of sulphide of ammonia is decomposed 
or volatilized, the fluid contains now sulphocyanide of ammonium, and 
after being acidifled with hydrochloric acid (which must not be attended 
with disengagement of hydrosulphuric gas), acquires a blood-red tint upon 
addition of sesquichloride of iron (Liebio). This reaction is exceedingly 
delicate. The following formula expresses the transformation of hydro- 
cyanic acid into sulphocyanide of ammonium: NH^S^4-2 (NH^O) 
+ 2HCy = 2(NH^ CySJ + NH,S + 2H0. If an acetate is present the 
reaction takes place only upon addition of more hydrochloric acid. 

8. Neiiher of the above methods will serve to efiect the detection of 
cyanogen in Cyanide of mercury« To detect cyanogen in that Compound, 
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the Solution is mixed with hydrosniphurio acid : snlphide of mercnry 
precipitates, and the Solution oootains free hydrocyanic acid. In solid 
Cyanide of mercury the cyanogen is most readily detected by heatiug in 
a glass tube. (Compare 3.) 

Appendix. 

a, Hydroferroeyanic acid (H,Cfy). Hydroferrocyanic acid is soluble 
in water. Some of the ferrocyanides, as those containing metals of the 
alkalies and alkaline earths, are soluble in water ; but the greater part of 
them are insoluble in that menstruum. All the ferrocyanides are decom- 
posed by ignition ; where they are not quite anhydrous, hydrocyanic acid, 
carbonic acid, and ammonia escape, otherwise nitrogen and occasionally 
cyanogen. In Solutions of hydroferrocyanic acid or of soluble ferro- 
cyanides seaquiMoride of iron produces a blue precipitate of ferro- 
CTANIDE OF IRON (Fe^Cfy^ j stUphcUe of oxide of copper a brownish-red 
precipitate of ferroctamide of coppbr (Cu^Cfy) ; nitrate of silver a 
white precipitate of ferrogtakide of silver (Ag,Cfy), which is insoluble 
in nitrio acid and in ammonia, but dissolves in Cyanide of potassium. In- 
soluble ferrocyanides of metals are decomposed by boiling with Solution 
of soda, ferrocyanide of sodium being formed and the oxides thrown down, 
tmless they are soluble in Solution of soda. When heated with 3 parts of 
sulphate and 1 part of nitrate of ammonia, they yield sulphates of the 
metals contained in them, the whole of the cyanogen volatilizing in form 
of Cyanide of ammonium and the products of its decomposition (Bollet). 

b, Hydroferricyanic ctcid (H,Cfdy). Hydroferricyanic acid and many 
of the ferricyanides are soluble in water ; all ferricyanides are decomposed 
by ignition in a similar manner as the ferrocyanides. In the aqueous 
Solutions of hydroferricyanic acid and its salts sesquichloride of iron pro- 
duces no blue precipitate ; but sidphate qf protoxide of iron produces a 
blue precipitate of protoferricyanide of iron (3 Fe, Cfdy) ; sulphcUe 
of copper a yellowish-green precipitate of ferrictanide of coppir 
(3 Cu, Cfdy), which is insoluble in hydrochloric acid ; nitrate of silver 
an orange-colored precipitate of ferrictanide of silver (3 Ag, Cfdy), 
which is insoluble in nitric acid, but dissolves readily in ammonia and 
in Cyanide of potassium. The insoluble ferricyanides of metals are de- 
composed by boiling with Solution of soda, the metallic oxides being 
thrown down ; in the fluid filtered off from them either ferrocyanide of 
sodium alone is found, or a mixture of ferro- with ferricyanide of sodium. 
By heating with sulphate and nitrate of ammonia the ferricyanides are 
decomposed the same as the ferrocyanides. 

§ 156. 

e. Hydrosulphurio Acid (HS). 

Sulphu/retted Hydrogen. 

1. SuLPHüR is a solid, brittle, friable, tasteless body, insoluble in water. 
It occurs occasionally in the form of yellow or brownish crystals, or 
ciystalline masses of a yellow or brownish color, and occasionally in that 
of a yellow or yellowish -white or grayish-white powder. It melts at a 
moderate heat ; upon the application of a strenger heat it is converted 
into brownish-yellow vapors, which in cold air condense to a yellow 
powder, and on the sides of the vessel to drops. Heated in the air it 
burus with bluish flame to sulphurous acid^ which betrays its preeenoe 
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in the air at once bj its guffooating odor. Concentrated nitric acid, 
nitrohydroohloric aoid, and a mixture of chlorate of potassa and hydro- 
chloric acid dissolve sulphur gradoallj, with the aid of a moderate beat, 
and convert it into sulpburic acid ; in boiling Solution of soda snlpbur 
dissolves to a jellow fluid, wbicb contains sulphide of sodium and bypo- 
snlpbite of soda ; in ammonia sulpbor is almost absolately insolublo. 

2. Hydrobülphuric acid, at tbe common temperatiire and under 
common atmospberic pressure, is a colorless inflammable gas, solnble in 
water, wbicb maj be readily recognised bj its cbaracteristio smell of 
rotten eggs ; it transiently imparts a red tint to litmus-paper. 

3. Of tbe SULPHIDES only tbose witb alkalies and alkaline eartbs are 
soluble in water. Tbe»e, as well as tbe sulpbides of iron, manganese, 
and zinc, are decomposed by dilnte roineral acids, witb evolution of 
bydrofiulpburio add gas, wbicb may be readily detected by its pecoliar 
smell, and by its action upon Solution of lead (see 4). Tbe decomposition 
of bigber sulpbides is attended also witb Separation of sulpbur in a 
finely-divided state ; tbe wbite precipitate may be readily distinguisbed 
from similar precipitates by its deportment on beating. Part of tbe 
sulpbides of tbe metals of the fiftb and sixtb groups are decomposed by 
concentrated and boiling bydroobloric acid, with evolution of bydrosul- 
pburic acid gas, wbilst otliers are not dissolved by bydrocbloric acid, but 
by concentrated and boiling nitric acid Tbe Compounds of sulpbnr 
witb mercury, gold, and platinum, resist tbe action of botb acids, but 
dissolve readily in nitrobydrocbloric acid. Upon the Solution of sul- 
pbides in nitric acid, and in nitrohydrocbloric acid, sulpburic acid is 
forraed, and tbe process of Solution is moreover attended, in most cases, 
witb Separation of sulpbur. Many metallic sulphides, more especially 
tbose of a bigber degree of sulpburation, give a Sublimate of sulpbur 
wben heated in a test-tube. 

4. If bydrosulpburic acid, in tbe gaseous state or in Solution, is brongbt 
into contact witb nürate o/silver or acetcUe of lead, black precipitates of 
8ÜLPHIDE OF SILVKB or SULPHIDB OF LEAD are formed. In cases tbere- 
fore where tbe odor of the gas fails to afford suificient proof of tbe 
presence of bydrosulpburic acid, these reagents will remove all doubt. 
If tbe bydrosulpburic acid is present in tbe gaseous form the air sus- 
pected to contain it is tested by placing in it a small slip of paper moi»- 
tened witb Solution of neutral acetate of lead and a little ammonia ; if 
tbe gas is present tbe slip becomes covered witb a brownisb- black shining 
film of sulphide of lead. To detect a trace of an alkaline sulphide in 
presence of a free alkali or an alkaline carbonate, tbe best way is to mix 
tbe fluid witb a Solution of oxide of lead in Solution of soda, wbicb is 
prepared by mixing Solution of acetate of lead witb Solution of soda until 
tbe precipitate wbicb forms at first is redissolved. 

5. If a fluid oontaining bydrosulpburic acid or an alkaline sulphide is 
mixed with Solution of soda, then witb nüroprusside of sodium,* it ac- 
qnires a fine reddisb-violet tint. Tbe reaction üb very delicate ; but tbat 
with Solution of oxide of lead in Solution of soda is still more sensitiva 

6. If metallic sulpbides are exposed to tbe oxidizing flame of the 
blowpipe, tbe sulpbur bums witb a blue flame, emitting at tbe same time 
tbe well-known odor of suipburous acid. If a metallic sulphide is heated 
in a glass tnbe open at boUi ends, in tbe npper part of wbicb a slip of 

* KitroproMiide of sodiom being a reagent which can veiy well be dispeDsed with, I 
have omittad giriiig H a place »mong tbe nvagenti. 

v2 
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blue litmuB-paper is iuserted, and the tube is held in a danting pontki 
during tbe o|)eratioQ, the escaping salphurous acid reddeiiB tlM titaü* 
paper. 

7. If a fiiiely-pulverlzed metallic sulphide is boiled in a poroelaiD<U 
with solutiou of potassa, aud the mixture heated to incipient fbaoi d 
the hydrate of |)ota8sa, or if the test s]>eGiaien is fused in a pbliwA 
spoou with hydrate of potaasa, aud the mass is, in either oase, disBoM 
in a little water, a piece of bright silver (a poUshed ooin) put into tln 
sohition, and the fluid warnied, a brownish-bück film of sulphide offllvff 
foiius on the metal. This film may be removed afterwards by robÜBg 
the metal with leather and quicklime (y. Kobell). 

8. If the powder of a sulphide which hydrochloric acid will not^oroaly 
with difficulty, decompose is mixed in a small cylinder, or in a wide-neckel 
flask, with an equal volume of fiuely divided iron free from siüphv 
(ferrum alcoholisatum), and some moderately dilute hydroohlorie tdd 
(1 volume of coucentrated acid to 1 volume of water) is poured oTcr 
the mixture, in a layer a few lines thick, hydrosulphuric acid escapes aloog 
with the hydrogeu. This may be easily detected bj placing a slip o^ 
paper moistened with Solution of acetate of lead, and dried agiun, under 
the cork, so that the bottom is covered by it, tbe ends of the ^p 
projecting on both sides, aud then loosely inserting the cork into the 
mouth of the flask. Kealgar, orpiment, and molybdenite do not shov 
this reaction (v. Kobell). 

§ 157. 

Recapitvlation and remarlcB, — !Most of the acids of the first group Vit 
also precipitated by nitrate of silver, but the precipitates cannot well be 
confounded with the silver Compounds of the acids of the seoond group. 
since the former are soluble in ilihite nitric acid, whilst the latter are 
insoiuUe in that menstruum. The presence of hydrosulphuric acid 
iuterferes more or less with the testing for the other acids of the second 
group ; this acid must therefore, if pi^esent, be removed first before the 
testing for the other acids can be proceeded with. The removal of the 
hydrosulphuric acid, when present in the free State, may be efiected by 
simple ebullition ; and when present in the form of an alkaline sul^Jiide, 
by the addition of a metallic salt, such as will not precipitate any of the 
other acids, or at least will not ]>recipitate them from acid solutiona 
Hydrio<lic and hydrocyauic acids may be detected, even in presenoe of 
hydrochloric or hydrobromic acid, by the equally chaiacteristic and deli- 
catc reactions with starch (with addition of a fluid containing nitrom 
acid), and with Solution of protosesquioxide of iron. But tbe detectioiL 
of chlorine aod broraine is more or less difficult in presenoe of iodine and 
cyanogen. These latter must therefore, if present, be removed first 
before the proper tests for chlorine and bromiue can be applied. The 
Separation of the cyanogen may be readily efiected by Converting the 
whole of the radicak present into salts of silver, and igniting the mixed 
Compound produced : the Cyanide of silver is decompoaed in this pro- 
cess, whilst the chloride, bromide, and iodide of silver remain unaltered. 
lipon fusiug the ignited residue with carbonate of soda and potassa, 
and boiling the fused mass with water, chloride, bromide, and iodide of 
the alkali metals are obtained in Solution. The fused silver comix>unds 
may also be readily decom])osed with zino ; all that is required for this 
purpose is to pour water over the mixed oompoond^ to add a little sol- 
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phuric acid and a fragment of zinc, to let the mixture stand some time, 
and finally to filter the Solution of ohloride, broniide, or iodide of zino 
off the separated metallic silver. 

Tlie iodine may be separated from tbe chlorine and bromine, bj treat« 
ing the mixed silver Compound with ammonia^ but more accuratelj by 
precipitating tbe iodine as protiodide of copper. From bromine the 
iodine is separated most accurately by protochloride of palladium, which 
only precipitates the iodine ; from chlorine it is separated by nitrate of 
protoxide of palladium. 

Bromine in presence of iodine and cblorine may be identified by the 
foUowing simple Operation : Mix the fluid with a few drops of dilute 
Bulphuric aci(^ then with some starch-paste, and add a little red fuming 
nitric acid or, better still, a Solution of hyponitric acid in sulphuric acid, 
whereupon the iodine reaction will show itself immediately, Add now 
chlorine-water drop by drop until that reaction has disappeared ; then 
add some more chlorine-water to set the bromine also free, which may 
then be separated and identifled by means of Chloroform or bisulphide 
of carbon. Or the liberated iodine may also be taken up with Chloroform 
or bisulphide of carbon, and chlorine-water cautiously added, when the 
violet-red coloration imparted by the iodine gradually fades away, and 
afber its disappearance the brownish-yellow color given by the bromiue 
is distinctly visible. 

Metallic Chlorides are detected in presence of metallic bromides by 
the reaction with Chromate of potassa and sulphuiic acid. 

In conclusion I have to State that, besides the above-mentioned, many 
other agents by which to effect the liberation of iodine have been pro- 
posed, and may be employed ; thus, for instance, iodic acid or alkaline 
iodate and hydrochloric acid (Liebio); sesquichloride of iron and sulphuric 
acid, or bichioride of platinum, with addition of some hydrochloric acid 
(Hempel) ; permanganate of potassa in slightly acidified Solution (Henrt), 
&c With respect to these agents I have to observe that iodic acid must 
be used with the greatest caution, as a, in presence of reducing substances 
iodine is set free from the reagent, and, b, an excess of iodic acid will at 
once put an end to the reaction. — Sesquichloride of iron, with addition 
of sulphuric acid, will not act immediately upon very dilute Solutions ; 
but after a time the reaction will make its appearance, revealing the 
presence of even the minutest trace of iodine ; the delicacy of the re- 
action is not materially impaired by an excess of the reagents. Per- 
manganate of potassa acts immediately, even in the most dilute Solutions. 
However, as a fluid colored by minute traces of iodide of starch is also 
apt to look reddish, the coloration imparted by the permanganic acid 
alone may lead to mistakes. From six to twelve hours should therefore 
always be allowed to elapse before judging of the actual nature of the 
coloration. The modus operandi may of oourse be modified in various 
ways to increase the delicacy of the starch reaction ; iuteresting par- 
ticulars upon this point may be found in Mor£N*s paper on the subject in 
the Journal f. prakt. Chem., 78, 1, and in Hempel*s paper, in the Annal 
der Chem. und Pharm.^ 107, 102. 

§ 158. 
Barer Äeidt of the Second Oroup, 

1. Nrraous Acid (NO,). 
Kitroos acid, in the free Btate, at the common temperatnre, is a brownish-red gas. 
In contaot with water it is oonTorted into nitric add, which dissolves, and nitric ozide 
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gM, whioh remabi andiaiiolTed, and, where the qnantitj of waier w noi tbij hafS 
esoapeiin pari (8NO,sNO^ + 2N0L). The nitrites are deoompoaed bjKiite; 
xnany of them are loluble in water. When oilritM or coDoentrated aola tioM ctailau» 
ara treaied with dilute ■ulpburic acid it is not nitroua acid gas wfaicii n evulted» M 
nitrio oxide gas, and the evolntion ia attended with formation of nitrie acid. Ib »b- 
tioni of nitrites of the alkalies wUraU of aüver prodnces a white precipttetie^ wkkh d»' 
solves in a venr large proportion of water, espeoially npon applicatioa of heat ; sa/jP** 
of protoxidt of iroh, upon addiüon of a small quantity of acid, produoea a daik blaab- 
browu ooloration, which b due to the nitrie oxide gas dissolving in the aohition of ths 
Bulphate of protozide of iron. Bydrotulpkwrie acid produces in aolvtioiia contaimm 
nitrouB acid, after neutralization by an acid of the free alkali, ahonld any be praMB^ 
a copious predpitate of sulphur, the reaction being attended alao with fomätioo of 
nitrate of ammonia. PyrogaUic acid imparts a brown color to eren very diliite solo- 
üons of nitrites acidified with sulphuric acid (Schönbkin). But the moat deficais 
reagent for nitrous acid is Solution of iodide of potassium mixed with atarch P*^ 
especial]j npon addition of sulphuric acid (PaiCE, SoHöNBBur). Water oontab- 
ing the one hundred thousandth part of nitrite of potassa, together with free sul- 
phuric acid, is oolored distinotly blue by iodide of starch in a few seoonda, and a km 
minutes suffice to produce the same efkct in water oontaining as Uttle as one part of 
nitrite of potassa in one milliou parte of water. Let it be bome in mmd that aus rs- 
aotion is reliable only where no other substanoe is present that might exeroiw a 
deoomposing action upon iodide of staroh, such^ for instano<s as iodic wad, aeaquioxidt 
of iron, &o. 

2. Htfoohloboub Aoid (CIO). 

Hypochlorous acid, at the common temperature, is a deep yeUowiah-graen gas of a 
disagreeable irritating odor, similar to that of chlorine. It dissolyes in water; ths 
dilute aqueous Solution bears distiUation. The hypochlorites are nsually (band in oooi- 
bination with metallio chlorides, as is the case, for instance, in chloride of lime^ «as de 
Javelle, kc, The Solutions of hypochlorites undergo alteration by boiling^ the hyp»* 
chiorite being resolved into chloride of the metal and chlorate of the ozide^ attendsd, 
in the case of concentrated, but not in that of dilute Solutions, with eyolution of ozygcn. 
If a Solution of chloride of liroe is mixed with hydrochlorio acid or sulphoric acid, chlo- 
rine is disensaged, whilst addition of a little nitrie acid leads to the liberation of hypo- 
chlorous acid. Nitrate of tilvtr throws down from Solution of diloride of Urne chlorids 
of silver (the hypocblorite of silver, which forms at first, is speedily resolved into 
Chloride of silver and chlorate of silver : 8(AgO, C10) = AgO, CIO» + 2AgCl): 
nitrate of lead produces a precipitate which from its original white changes gradnally 
to oranffe-red, and ultimately, owing to formation of binoxide, to brown ; so/t« if 
protoxide ofmanganese give brown* black precipitatee of hydrate of binoxide of maa- 
ganese. Solution of permanganate of potassa is not decolorized. Solutions of litmmt 
and indigo are decolorized even by the alkaline solutioos of hypochlorites, but still 
more rapidly and completely upon addition of an acid. If a Solution of anenioos acid 
in hydrochlorio acid is colored blue with indigo tincture, and a Solution of chloride of 
lime is added, with active stirring, the decoloration will take place only after thewhole 
of the arsenious acid has been converted into arsenic acid. 

3. Chlorods Aon> (C10|). 

Chlorous acid is a yellowish-green gas of a peculiar and very disagreeable odor ; it is 
soluble in water. The Solution has an intensdy yellow color, even when highly d^ute. 
Most of the chlorites are soluble in water ; the solutiuns readily suiSer deoomposition, 
the chlorites being resolved inio chlorides and chlorates. Nitraie of mlver precipitates 
white chiorite of silver, which is soluble in muoh water. A Solution of permanganaU 
of potasaa is immediately decomposed, and hydrate of sesouioxide of manganese sepa- 
rates after some time. Tincture of litmtu and tincture of indiffo nre instantly decolo- 
rized, even if mixed with arsenious acid in excess. If a slightly acidified dilute Solution 
of a sali of protoxide of iron is mixed with a dilute Solution of chlorous add, the fluid 
transiently acquires an ametbygt tint, and assumes only after the lapse of afew seconds 
the yellowish ooloration of salts of seaquioxide of iron (Lemssev). 

4. Htpophobphobous Aoid (PO). 

The concentrated Solution of hypophoephorous acid is of syrupy consistence, and re- 
seaibles that of pbosphorous acid (Boe § 148), with which it also has this in common, 
that it is resolved by beating, with exclusion of air, into hydrate of phosphoric acid 
and not spontaneously inflammable pbosphuretted hydrogen gas. All hypoeulphites 
are soluble in water ; by ignition all of them are resolved into phosphate and phos- 
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pharetted hydrogen gas, whioh in most oaies ia ipontaneoasly inflammable. Chloride 
of barium, cMande of caleiumt and aedaU of Uaa fall to precipitate Solutions of hypo* 
phosphites (differenoe from phoephorous acid). Nitrate ofeüver gives with hypopbos- 
phites at first a white precipitate of hypophosphite of silver, whtch torns black even 
at the common temperature, but more rapicUy on heating, the cbang^ of color being 
attfloded with Separation of metallic silver. From ehloride of mercury in exoes» bypo- 
phosphoroos acid precipitates, slowly in the oold, more rapidly od heating, subchloride 
of mercury. Brougbt together with eine and düvUe tulpkunc ocid hypopbosphoroos 
acid giyes hydrogen gas mixed with pbosphuretted hydrogen. (Gompare § 148, phoe- 
phorous acid.) 

THIBD GROUP OF THB XKOROANIO ACIDS. 
ACIDS WHICH ARB NOT PRECIPITATED BT SaLTS OF BaRYTA NOR BY 

Salts of Silyer : Nitric Acid, Ghlaric Acid (Perchlorio Acid). 

§ 159. 
o. NiTRio Acid (NO^). 

1. Anhydroüs NITRIO ACID oiystallizes in six-sided prismeu It fuses 
at 85 "2^ F., and boils at about 113® F. (Deville). The pure hydratk 
is a colorless exceedingly corrosive fluid, which emits fumes in the air, 
exercises a rapidlj destructive action upon organic substances, and colors 
nitrogenons matter intenselj jellow. Hydrate of nitric acid containing 
nitrous acid has a red colour. 

2. All the NEUTRAL 8ALT8 of nitric acid are soluble in water ; only 
Bome of the basic nitrates are insoluble in this menstruum. All nitrates 
without exoeption undergo decompositiou at an injtense red heat These 
with alkaline bases yield at first oxygen, and change to nitrites, which 
are^then further resolved into oxygen and ni trogen ; the others jield 
oxjgen and nitrous or hyponitric acid 

3. If a nitrate is thrown upon red-hot charcocd, or if charcoal or some 
organic substance, paper for instance, is brought inte ocntact i^ith a 
nitrate in fusion, Deflagration takes place, Ce,, the charcoal bums at 
the expense of the oxjgen of the nitrio acid, the combustion being 
attended with vivid scintillation. 

4. If a mixture of a nitrate with Cyanide of potassiimh in powder is 
heated on platinum foil, a vivid Deflagration ensues, attended with 
distinct ignition and detonation. Even veiy minute quantities of nitrates 
maj be detected bj this reaction. 

5. If a nitrate is mixed with capper ßlinga, and the mixture heated 
in a test-tube with concentrated sulphuric acid, the air in the tube 
acquires a yellowish-red tint, owing to the nitrio oxide gas which is 
liberated upon the oxidation of the copper by the nitric acid oombiuing 
with the oxjgen of the air to nitrous acid. The coloration maj be 
observed most distinctlj bj looking lengthwajs through the tube. 

6. If the Solution of a nitrate is mixed with an equal volume of con- 
centrated atUphtmc add, free from nitric and hjponitric acid, the mix 
ture allowed to cool, and a concentrated Solution of sulphate ofprotoxid^ 
o/iron then cautiouslj added to it so that the fluids do not mix, the 
Stratum where the two fluids are in immediate contact shows at first a 
purple, afterwards a browu color, or, in cases where onlj a verj minute 
quantitj of nitric acid is present^ a reddish color. In this process the 
nitric acid is deoomposed bj the protoxide of iron, three-fifths of its 
ozjgen combining' with the protoxide and Converting a portion of it 
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into sesqnioxide, whilst the remaining DÜric oxide combines with tbe 
remainiDg portion of the protoxide of iron, and forms with it a peculiar 
Compound, which dissolves in water, iriiparting a brownish-black color 
to the flaid. A similar reaction is observed in presence of selenious 
acid ; but on mixing the fluid, and letting it stand, red selenium sepa- 
rates (Wittstock). 

7. If some hydrochloric acid is boiled in a test-tube, one or two drops 
of very dilute Solution of indigo and svlpJiv/ric acid added, and the mix- 
ture boiled again, the fluid remains blue (provided the hydrochloric acid 
was free from chlorine). If a nitrate, solid or in Solution, is now added 
to the faint light-blue fluid, and the mixture heated again to boiling, the 
oolor disappears owing to the decomposition of the indigo blne. This is 
a most delicate reaction. It must be borne in mind, however, that 
several other substances also cause decoloration of Solution of indigo — 
free chlorine more particularly prodnces this effect. 

8. If a little hnlda is dissolved in concentrated sulphuric acid, and a 
sroall quantity of a fluid containing nitric acid added to the Solution, the 
latter immediately acquires a magnificent red color. This reaction is 
exceedingly delicate. 

9. Very minute quantities of nitric acid may be detected also by 
reducing the nitric acid first to nitrous acid, which may be effected botii 
in the moist and in the dry way ; in the former by heating the Solution 
of the nitric acid or of the nitrate for some time with finely-divided 
zinc, best with zinc amalgam, and then flltering (Sghönbein) ; in the dry 
way by fusing the substance under examination with carbonate of soda 
and potassa at a moderate heat, extracting the mass, after cooling, with 
water, and filtering. üpon adding either of the filtrates to a Solution 
of iodide of potassium mixed with starch-paste and dilute sulphuric 
acid, the fluid acquires a blue color from iodide of starch (co&p# 
§lö8, 1). 

§ 160. 
6. Chlorig Acid (ClOJ. 

1. Chlorio acid, in its most highly concentrated Solution, is a 
colorless or slightly yellowish oily fluid ; its odor resembles that of 
nitric acid. It first reddens litmus, then bleaches it Dilute chloric 
acid is colorless and inodorous. 

2. All CHLORATES are soluble in water. When chlorates are heated to 
redness, the whole of their oxygen escapes and metallic ohlorides remain. 

3. Heated with cha/rcoal or some organic substance the chlorates 
DEFLAORATE, and this with far greater violence than the nitrates. 

4. If a mixture of a cblorate with cya/nide of polassium is heated on 
platinum foil, Deflagration takes place, attended with streng deto- 
nation and ignition, even though the chlorate be present only in very 
small quantity. This experiment should be made with very minute 
quantities only. 

5. If the Solution of a chlorate is colored light-blue with Solution of 
indigo in sulphuric acid, a little dilute sulphuric acid added, and a Solu- 
tion of sulphite of soda dropped cautiously into the blue fluid, the color 
of the indigo disappears immediately. The cause of this equally cha- 
racteristic and delicate reaction is, that the sulphurous acid deprives the 
chloric acid of its oxygen, thus setting free chlorine or a lower oxide of 
it^ which then decolorizes the indigo. 
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6. If chloraies are treated with moderate dilute hydrocMoric acid the 
coDstitiients of the two acids traoRpose, forming water, chlorine, and 
bichlorochloric acid (2 Ol O^ Ol O,). Application of heat promotes the 
reaction. The test-tube in which the experiment is made becomes 
filled in this process with a greenish-yellow gas of a very disagreeable 
odor resembling that of chlorine; the hydrochloric acid acquires a 
greenish-yellow color. If the hydrochloric acid is colored blue with 
Indigo Solution, the presence of very minute quantities of chlorates will 
Buffice to destroy the indigo color at once. 

7. If a little chlorate is added to a few drops of concentrated sul» 
phuric acid in a watch-glass, two-thirds of the metallic oxide are con* 
yerted iuto a sulphate, and the remaining one-third into Perchlorate ; 
this con Version is attended moreover with liberation of chlorochlorio 
acid, which imparts an intensely yellow tint to the sulphuric acid, and 
betrays its presence also by its odor and the greenish colur of the 
evolved gas [3 (K0,C10J + 4 SO, = 2 (K0,2 80,) + KO, CIO, + (Gl O^ 
CIO,)]. The application of heat must be avoided in this experiment, 
and the quantities operated upon should be very small, since otherwise 
the decomposition might take place with such violence as to cause an 
explosion. 

§161. 

Becapitidation cmd remarha. — Of the reactions which have been sug- 
gested to effect the detection of nitric acid those with sulphate of prot- 
oxide of iron and sulphuric acid, with copper filings and sulphuric acid, 
with brucia, and also those based upon the reduction of the nitrates to 
nitrites, give the most positive results ; with regard to deflagration with 
charcoal, detonation with Cyanide of potassium, and decoloration of Solu- 
tion of indigo, we have seen that these reactions belong equally to 
chlorates as to nitrates, and are consequently decisive only where no 
chloric acid is present. The presence of free nitric acid in a fluid may 
be detected by evaporatiug in a porcelain dish on the water- bath to 
dryness, having first thrown in a few quill-cuttings : yellow coloration 
of these indicates the presence of nitric acid (Runqk). The best way 
to ascertain whether chloric acid is present or not is to ignite the sample 
ander examination, with addition of carbonate of soda, dissolve the 
mass, and test the Solution with nitrate of silver. If a chlorate is 
present, this is converted into a chloride upon ignition, and nitrate of 
silver will now precipitate chloride of silver from the Solution. How- 
ever, the process is thus simple only if no chloride is present along with 
the chlorate. But in presence of a chloride the latter must be removed 
first by adding nitrate of silver to the Solution as long as a precipitate 
oontinues to form, and filtering the fluid from the precipitate; the 
filtrate is then, after addition of pure carbonate of soda, evaporated to 
dryness, and the residue ignited. It is, however, generally unneoessary 
to porsue this oircuitous way, since the reactions with concentrated 
sulphuric acid, and with indigo and sulphurous acid, are sufficiently 
marked and oharactoristic to aflbrd positive proof of the presence of 
chloric acid, even in presence of nitrates. — ^The best way of detecting 
nitric acid in presence of a large proportion of chloric acid is to mix the 
Compound under examination with carbonate of soda in exceas, evaporate 
ignite the residue gently, but sufficiently long to oonvert the chlorate 
into chloride, and then test the residue for nitric acid, or, as the case 
may be, for nitroos acid« 
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162. 
PZBOHLOBIO AOID (CIO,). 

Pnre «nhydrotii perohlorio acid is a colorlen mobile fluid, which forma dense 
white fumea in the air, and ezplodes with great violence wben dropped on wood> 
ofaarooal (Rosook). The hydrate crystallizes in needles ; the conoentrated aqueous 
Solution is oily and heavy. The dilute Solution gives by distillation first water, tben 
dilute acid, and finally conoentrated acid. All Perchlorates are soiuble in water, most 
ci them freely. They are all decomposed by ignition, those with alkaline bases leaving 
dilorides behind, with disengagement of oxygen. ScUU ofpotaua prodace in not too 
dilute Solutions a white crystaÜine precipitate of Perchlorate of potassa (K O, Cl Oy), 
which is sparingly soiuble in water, insoluble in spirit of wine. Baryta tidtt and 
iüver talts are not precipitated. Conoentrated sulphuric acid fails to decompose per- 
ohlorio acid in the oold, and decomposee it with difficulty on heating fdifference from 
chlorio acid). Hydrochlorio acid, nitric acid, and sulphurous acid faU to decompose 
aqueous Solutions of perchloric acid or Perchlorates ; indigo tincture, therefore, pre- 
▼iously added to it, is not decolorized (dinerence from all other acids of ohlorine). 

IL Obganio Aoids. 

First Croup. 

Acids which are dtvabiablt PRECiPiTATEa> bt Chlobedb of Cal- 
cium: OxcUie Ädd, Tartaric Acid (Paratartario or Bacemic Acid), 
Cii/ric Acid, Malic Acid, 

§ 163. 

O. OXALIO ACID. 

For the reactionB of oxalio acid I refer to § 145. 

b. Tabtabic Acid (2H0,C,H^0J. 

1. The HTDBATE of TABTABIC ACID forms colorloss crystals of an agree- 
able acid taste, which are persistent in the air, and soiuble in water and 
in spirit of wine. Heated to 212° F., tartaric acid loses no water; 
heated to 338° F., it fuses; at a higher tempei-ature it becomes carbonized, 
emitting during the process a very peculiar and highly characteristio 
odor, which resembles that of burut sugar. Aqueous Solution of tartario 
acid^ as also of almost all tartrates, turns the plane of polarization of Ught 
towards the right 

2. The TABTBATES with alkaline base are soiuble in water, and so are 
thoee with the metallic oxides of the third and fourth groups. Evapo- 
rated on the water-bath to syrupy consistence, the Solution of tartrate of 
sesquioxide of iron deposits a pulyerulent basic aalt Those of the tar- 
trates which are insoluble in water dissolve in hjdrochloric or nitric 
acid. The tartrates sufifer decomposition when heated to redness ; char- 
ooal separates, and the same peculiar odor is emitted as attends the 
carbonization of free tartaric acid. 

3. If to a Solution of tartaric acid, or to that of an alkaline tartrate, Solu- 
tion of sesquioxide ofiron, protoxide of manganese, or cUumina is added 
in not too large proportion, and then ammonia or potassa, no precipita- 
tion of sesquioxide of iron, protoxide of manganese or alumina will ensue^ 
since the double tartrates formed are not decomposed by alkalies. Tar- 
taric acid prevents also the precipitation of several other oxides bj alkalies. 

4. Free tartario acid produces with scUts qf potassa, and more partiou- 
larly with the acetate, a sparingly soiuble precipitate of bitabtbate of 
POTASSA. A similar precipitate is formed when acetate of potassa and 
free acetic acid are added to the Solution of a neutral tartrate. The 
acid tartrate of potassa dissolves readily in alkalies and mineral acids j 
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tartario add and acetio acid do not inorease its solubility in waier. The 
Separation of the bitartrate of potaasa precipitate is greatly promoted hy 
shaking, or by nibbing the sides of the Tessel with a glass rod. The 
delicacy of the reaction maj be heightened by ooncentrating the Solution 
of the tartario acid. By adding a drop of a conoentrated Solution of 
aoetate of potaasa to one or two drops of a highly conoentrated Solution 
of tartario acid on a watch-glass, and stirring the mixtore with a glass 
rod, crystals will at onoe be deposited on the rubbed part. Addition of an 
equal yolume of alcohol heightens the delicacy of the reaction. 

5. Chloride qf calcium throws downfrom Solutions of neutral tartratea 
a white precipitate of tartbate of lime (2 Ca O, C^ H ^O^, + 8 aq.). 
Presence of ammoniacal salts retards the formation of this precipitate 
for a more or less considerable space of time. Agitation of the fluid or 
friction on the sides of the vessel promotee the Separation of the pre- 
cipitate. The precipitate is crystallina, or invariably assumee a ci^tal* 
line form alter some time ; it dissolves in a cold not over dilute Solution 
of potassa or soda, pretty free from carbonic acid, to a clear fluid. 
But upon boilingthis Solution, the dissolved tartrate of lime separates again 
in the form of a gelatinous precipitate, which redissolves upon oooling. 

6. Lime-^vcUer produces in Solutions of neutral tartrates — and also in. 
a Solution of free tartario acid, if added to alkaJine reaction — ^white pre- 
cipitates whicb, flocculent at first, assume afterwards a crystalline form ; 
so long as they remain flocculent they are readily dissolved by tartario 
acid as well as by Solution of chloride of ammonium. From these Solu- 
tions the tarti'ate of lime separates again, after the lapse of several 
houTS, in the form of small crystals deposited upon the sides of the vesseL 

7. Solution of sulphate of lime &ils to produce a precipitate in a Solu- 
tion of tartaric acid ; in Solutions of neutral tartrates of the alkalies, it 
produoes a trifling precipitate after the lapse of some time. 

8. If Solution of ammoniais poured upon even a very minute quantity 
of tartrate of lime, a small fragment of crystallized nilrcUe of itilver 
added, and the mixtui'e slowly and gradually heated, tbe sides of the 
test-tube are covered with a bright coating of metallic sUver. If, in- 
stead of a crystal, Solution of nitrate of silver be used, or heat be applied 
more rapidly, the reduced silver will separate in a pulverulent form 
(Arthur Casselmann). 

9. ÄceUUe oflead produces white precipitates in Solutions of tartaric 
acid and its salts. The precipitate (2 PbO,C^H^OjJ dissolves readily 
in nitric acid and in ammonia. 

10. Nitr<Ue of mher does not precipitate free tartario acid; but in 
Solutions of neutral tartrates it produces a white precipitate of tartrate 
OF SILVER (2 Ag O, C, H^ Oj^, which dissolves readily in nitric acid and * 
in ammonia ; upon boiling it tums black, owing to ensuing reduction of 
the silver to the metallic State. 

1 1. Upon heating hydrated tartaric acid or a tartrate with hydrcUe 
ofsfulphuric acidy the latter acquires a brown color almost simultaneouäly 
with the evolution of gas. 

§ 164. 

c CiTRio Acid (3 H 0, C„ H, O J. 

1. Crystaluzed oitric Aon>, obtained by the cooling of its Solution, 
bas the formula 3HO,C„H,Oy + 2aq. It crystallizes in pellucid, 
colorless and inodorous ciysuds of an agreeable strongly aoid taste, whioh 
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dissolve readily in water and in spirit of wine, and effloresce slowly in 
the air. Heated to 212° F. the ciystallized »cid loses its water of crys- 
tallization ; when subjected to the action of a stronger heat, it fuses at 
fint, and afterwards carbonizes, with evolution of pungent acid fumes, 
the odor of which may be readily distinguished froni that emitted by 
tartaric acid upon carbonization. 

2. The CITRATE8 with alkaline base are readily soluble in water, as 
well in the neutral as in the acid State ; Solution of citric acid therefore 
is not precipitated by acetate of potassa. The Compounds of citric acid 
with such of the metallic oxides as are weak bases, sesquioxide of iron, 
for instance, are also freely soluble in water. Evaporated on the water- 
bath to syrupy consistence the Solution of citrate of sesquioxide of iron 
deposits no solid salt Citrates, like tartrates, and for the same reason, 
prevent the precipitation of sesquioxide of iron, protoxide of manganese, 
alumina, &c., by alkalies. 

3. Chloride of calcium falls to produce a precipitate in Solution of free 
citric acid, even upon boiling ; but a precipitate of neutral citrate op 
UME (3 Ca 0,.C„ H. Ojj + 4 aq.) forms immediately upon saturating with 
potassa or soda the concentrated Solution of citric acid, mixed with 
Chloride of calcium in exoess. The precipitate \& insoluble in potassa, 
but dissolves freely in Solution of chloride of ammonium ; upon boiling 
this Chloride of ammonium Solution, neutral citrate of lime of the same 
oomposition separates again in the form of a white crystalline precipitate, 
which however is now no longer soluble in chloride of ammonium. If 
a Solution of citric acid mixed with chloride of calcium is saturated with 
ammonia, a precipitate will form in the cold only afber many hours' 
Standing ; but upon boiling the clear fluid, neutral citrate of lime of the 
properties just stated will suddenly precipitate. By heating citrate of 
lime with ammonia and nitrate of silver the latter salt is not reduced, 
or only to a trifling extent. 

4. Lime-water produces no precipitate in cold Solutions of citric acid 
or of citrates. But upon heating the Solution to boiling, with a tolerable 
excess of hot prepared lime-water, a white precipitate of cjitrate of 
LIMB is formed, of which the greater portion redissolves upon cooling. 

5. Acetate o/lead, when added in excess to a Solution of citric acid, 
produces a white precipitate of citrate of lead (3 Pb O, Cj, H^ Oj,), 
which, after washing, dissolves readily in ammonia. 

6. Nitrate of silver produces in Solutions of neutral citrates of the 
alkalies a white flocculent precipitate of citrate of silver (3 Ag O, 
C„ H^ Ojj), which does not tum black on boiling. 

7. Upon heating citric acid or citrates with concentrated sulphuric 
' acid, carbonic oxide and carbonic acid escape at flrst, the sulphuric acid 
retaining its natural color ; upon continued ebullition, however, the 
Solution acquires a dark color, and sulphurous acid is evolved. 

§ 165. 

d, Malio Acid (2 H0,C,H,0,). 

1. Hydrate of malio acid crystallizes with great difficulty, forming 
crystalline crusts, which deliquesce in the air, and dissolve readily in 
water and in alcohol. Exposed to a temperature of 302° F., hydrated 
malic acid is slowly converted into hydrated fumaric acid, with loss 
of two equivalents of water (2 HO, C,H,OJ; heated to 356** F., malic 
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acidis reeolyed into water, maleio acid (2 HO, CjH,0^), which vola- 
tUizes, and fumaric acid (2 HO, C,H,OJ, which remains. By raising 
the temperatare to above 392° F. the fumaric acid is finally eJso volar 
tilized. This deportment of malic acid is highly characteristia If the 
experiment is made in a small spoon, pungent acid vapors are evolved 
with frothing effervescence ; if the experiment is made in a small tube, 
the maleic acid first, and afterwards the fumaric acid also will condense 
to orystals in the colder part of the tube. 

2. Malic acid forms with most bases salts soluble in water. The acid 
malate of potassa is not very difficultly soluble in water ; acetate of 
potassa falls therefore to precipitate Solutions of malic acid. Malic acid 
prevents, like tartario acid, the precipitation of sesquioxide of iron, &o,, 
by alkalies. 

3. Chloride of calcmni falls to produce a precipitate in Solutions of 
firee malic acid. Even afber Saturation with ammouia or soda no precipi- 
tate is formed. But upon boiling, a precipitate of malate of lihb 
(2 CaO, C^H^O, + 6 aq.) separates from concentrated Solutions. If the 
precipitate is dissolved in a very little hydrochloric acid, ammonia added 
to the Solution, and the fluid boiled, the malate of lime separates again ; 
bat if it is dissolved in a somewhat larger quantity of hydrochloric acid« 
it will not reprecipitate, afber addition of ammonia in excess, even upon 
continued boiling. Alcohol precipitates it immediately from a Solution 
of the kind. Malate of lime, when heated with ammonia and nitrate 
of silver, faih absolutely or nearly so to efifect the reduction of the latter 
to the metallic state. 

4. Lime-uxUer produces no precipitate in Solutions of free malic acid, 
nor in Solutions of malates. The fluid remains perfectly clear even upon 
boiling, provided the lime- water is prepared with boiling water. 

5. Acetate of lead throws down from Solutions of malic acid and of 
malates a white precipitate of malate of lead (2 PbO, G^H^O, + 6 aq.). 
The precipitation is the most complete if the fluid is neutndized by 
ammonia, as the precipitate is slightly soluble in free malic acid and 
acetic acid, and also in ammonia. If the fluid in which the precipitate 
is suspended is heated to boiling, a portion of the precipitate dissolves, 
and the remainder fuses to a mass resembling resin melted under water« 
This reaction is distinctly marked only if the malate of lead is tole- 
rably pure ; if mixed with other salts of lead — i^ for instance, am- 
monia is added to alkaline reaction — it is only imperfect or &ils 
altogether to make its appearance. 

6. Nitrate of aüver throws down from Solutions of neutral malates of 
the alkalies a white precipitate of malate of silveb, which upon boiling 
turns a little gray. 

7. Upon heating malic acid with concentrated sulphuric acid, carbonio 
acid and carbonic oxide gas are evolved at first ; the fluid then turns 
brown and ultimately black, with evolution of sulphurous acid. 

§ 166. 

Becapittdation and remarks, — Of the organic acids of this group 
oxalic acid is characterized by the instant*precipitation of its lime-salt 
from its Solution in hydrochloric acid by ammonia, and also by acetate 
of soda, as well as by the immediate precipitation of the free acid by 
Solution of sulphate of lime. Tartaric acid is characterized by the 
sparing solobility of the acid potassa salt^ the solubility of the lime- 
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aalt in cold Solution of soda and of potassa, the reaction of the lime-salt 
with ammonia and nitrate of silver, and tbe peculiar odor which tbe acid 
and iis salts emit npon heaüng. It is most safely detected in preitence 
of Uie other aoids by means of acetate of potassa (§ 163, 4). Cüric acid 
is distinctly cbaracterized by its reaction witb lime-water, or witb 
obloride of calcium and ammonia in presence of cbloride of ammonium. 
Bat in tbis tbe abeence or tbe previous removal of oxalic and tartaric 
acids is always presupposed. Malic acid would be Bufficiently cbarao- 
terized by tbe deportment of malate of lead wben heated under water, 
were tbis reaction more sensitive, and not so easily prevented by tbe 
{»resenoe of otber acids. Tbe safest means of identifying malic acid is 
to convert it into maleio acid and fumaric acid by beating in a glass 
tube ; but tbis conversion can be efifected successfully only witb pure 
hydrate of malic acid. Malate of lead is sparingly soluble in ammonia, 
wbilst tbe citrate and tartrate of lead dissolve freely in tbat agent ; tbis 
different deportment of tbe lead salts of tbe acids affords also a means of 
distingnisbing between tbem. If only one of tbe four acids is present 
in a Solution, lime-water will suffioe to indicate wbicb of tbe four is 
present ; since malic acid is not precipitated by tbis reagent, citric acid 
only upon boiling, tartaric acid and oxalic acid already in tbe cold ; and 
tbe tartrate of lime redissolves npon addition of cbloride of ammonium, 
wbilst tbe Oxalate does not. If tbe four acids togetber are present in a 
Solution, the oxalic acid and tartaric acid are precipitated first by cblo- 
ride of calcium and ammonia, in presence of cbloride of ammonium 
(tbe tartrate of lime separates under tbese circumstances completely only 
after some time ; it is separated from tbe Oxalate by treating witb Solu- 
tion of soda) ; tbe citrate of lime is tben tbrown down by boiling, and 
tbe malate nnally by means of spirit of wina Tbe precipitate produced 
by spirit of wine must never be taken positively for malate of lime, 
witbout furtber proof^ since tbe sulpbate and otber salts of lime are al»o 
precipitated by ^at agent under tbe same circumstances. Positive con- 
viction can only be attained by tbe production of bydrate of malic acid 
from tbe lime-salt. To effect tbis tbe precipitate is dissolved in acetic 
acid, spirit of wine added, and tbe fluid filtered if necessary. Tbe 
filtrate is precipitated witb acetate of lead, tbe fluid neutralized witb 
ammonia, the precipitate wasbed, stirred in water, decomposed by bydro- 
sulpburic acid, and tbe filtrate evaporated to dryness. Wbere a small 
qnantity of citric acid or malic acid is to be detected in presence of 
a large proportion of tartaric acid, tbe best way is to remove tbe latter 
first by acetate of potassa, witb addition of an equal volume of stroug 
alcobol. The otber acids may tben be completely precipitated in tbe 
filtrate by cbloride of calcium and ammonia if tbe qoantity of tbe 
dcobol is a little increased. 

§ 167. 

Baoemio Actd, CR Paratartabio Aon) (2 HO, CgH^Oj^). 

The formula of crystallized racemic acid i« 2 H O, C, H^ 0,^, + 2 aq. The crystalli- 
zation water escapes slowly in the air, but rapidly at 212** F. (difference between 
racemic acid and tartaric acid). To solvents the racemic acid comports itself like the 
tartaric acid. The racemates also 'show very similar deportment to that of the tar> 
trates. However, many of them differ in the amount of water they coutain, and in form 
and golubility from the correaponding tartrates. The aqueous Solution of racemic acid 
and the racemates exercises no div^erting action upon polarized light. Chloride of 
calcium precipitates from the Solutions of free racemic acid and of racemates racbmati 
OF LIME (2 Ca 0, C, H^ Ujo + 8 aq.), as a white ciystalline powder. Ammonia thiows 
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down the precipitate from its Solution in hydrochlono aoid, eiiher immedUtely or ai 
l«Mt yery npeedily (difference between raoeniic acid and tartaric acid). It dissolTes in 
Solution of soda and potassa, but is reprecipitated from tbis Solution by boiling (difference 
between racemic acid and oxalic acid). lAme-water added in excess produoes imme- 
diately a white precipitate insoluble in chloride of amroonium (difference between 
racemic and tartaric acid). Solution of tulphate of Urne does not immediately produoe 
a precipitate in a Solution of racemic acid (difference between racemic and oxalic aoid) ; 
however, after ten or fifteen minutes, racemate of lime separates (difference between 
racemic acid and tartaric acid) ; in Solutions of neutral racemates the precipitate form« 
immediately. With icUts of poUu9a racemic aoid oomports itself like tartaric acid. 
By letting racemate of soda and potassa or soda and ammouia crystallize, two kinds of 
crystals are obtained, which resemble each other as the image reflected by the mirror 
resembles the object reflected. The one kind of crystals contain common tartaric acid 
(which tums the plane of polarization of light towards the right) ; the other kind con- 
tains antitartaric acid, ue. an acid which is the same in every respect as tartaric add, 
with this exception only, that it tums the polarized light towards the left. If the 
two kinds of crystals are redissolved, the Solution shows again the reactions of raoemio 
add. 

SEOOND GROUP OF THE OROANIO ACIDS. 

ACIDS WHICH ChLORIDB OF CALCIUM TAUS TO PRECIPITATE UNDER 
ANT OlRCUKSTANCES, BUT WHICH ARB PRECIPITATBD FROM NeUTRAL 

Solutions by Sesquichloride of Iron: Succinio Äcid, Benzoie 
Acid, 

§ 168. 

a. SucciNic Acid (2H0, C.H^OJ. 

1. Hydrate of succinic acid forma oolorless and inodorous prism«) or 
tables of slightly acid taste, which are readily soluble in water, alcohol, 
and ether, sparingly soluble in nitric acid, and volatilize when exposed 
to the action of heat, leaving only a Utile charcoal behind. The officinal 
acid has an empyreumatic odor, and leavea a somewhat larger carbona- 
ceoos residue upon volatilization. Succinio acid is not destrnyed by 
beating with nitric acid, and inay therefore be easily obtained in the 
pure State by boiling with that acid for half an hour, by which means the 
oil of amber, if present, will be destroyed. By Sublimation orystalline 
needles of silky lustre are obtained. The hydrate loses water in this 
process, so that by re])eated Sublimation anhydrous acid is ultimately 
obtained. Heated in the air succinic acid bums with a blue flame, free 
from soot. 

2. The succinates are decomposed at a red heat ; those which have 
an alkali or alkaline earth for base are converted into carbonates in this 
process, the change being attended with Separation of charcoal Most of 
the succinates are soluble in water. 

3. Sesquichloride qfiron produces in Solutions of neutral succinates of 
the alkalies a brownish pale red bulky precipitate of succinate of ses- 
quioxide of iron (Fe,0,, C.H^OJ ; one-third of the succinic acid is 
liberated in this reaction, and retains part of the precipitate in Solution 
if the fluid is filtered off hot. The precipitate dissolves readily in mineral 
acids ; ammonia decomposes it, causing the Separation of a less bulky 
precipitate of a highly basic succinate of sesquioxide of iron, and oom- 
bining with the greater portion of the acid to succinate of ammonia, 
which dissolves. 

4. Acetate of lead gives with succinio add a white precipitate of 
neutral succikate of lead (2PbO, C,H^OJ, which is very sparingly 
soluble in water^ aoetio acid, and succinio aoid, but dissolves freely in 
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Solution of acetate of lead and in nitric acid. Treated with ammonia 
the neutral succinate of lead is converted into a basic salc (GPbO^ 
C,H.O.). 

ö, A mixture of cUcohol, ammonia, and Solution ofcJdonde of harium 
produces in Solutions of free succinic acid and of succinates a white pre- 
cipitate of succinate dp bartta (2 BaO, CgH^OJ. 

6. Nitrate o/suboxide o/mercury and nitrate of silver also precipitate 
tbe succinate» ; the precipitates, however, are not possessed of any charao- 
teristic properties. 

§ 169. 
b. Benzoic Acid (HO, C^H^OJ. 

1. Pure HYDRATE OF BENZOIC ACID forms inodorous white scales or 
needles, or simply a crystalline powder. It fuses when heated, and 
afterwards volatilizes completely. The fumes of benzoic acid cause a 
pecuiiar irritating Sensation in the throat, and provoke coughing ; when 
oautiously cooled, they condense to brilliant needles ; when kindled, they 
bum with a luminous sooty flame. The common officinal hydrate of 
benzoic acid has the odor of benzoin, and leaves a small carbonaceous 
residue upon volatilization. Hydrate of benzoic acid is very sparingly 
Boluble in cold water, but it dissolves pretty freely in hot water and in 
alcohol. Addition of water imparts therefore a milky turbidity to a 
saturated Solution of benzoic acid in alcohoL 

2. Most of the benzoates are soluble in water ; only those with weak 
bases, e.g,, sesquioxide of iron, are insoluble. The soluble benzoates have 
a peouliar pungent taste. The addition of a strong acid to concentrated 
aqueous Solutions of benzoates displaces the benzoic acid, which separates 
as hydrate in the form of a dazzling white sparingly soluble powder. 
Benzoic acid is expelled in the same way from the insoluble benzoates by 
such strong acids as form soluble salts with the bases with which the 
benzoic acid is oombined. 

3. Sesquichloride of iron precipitates Solutions of free benzoic acid 
inoompletely ; Solutions of neutral benzoates of the alkalies completely. 
The precipitate of benzoate op sesquioxide op iron [2 Fe, O,, 
3 (Cj^ Hj OJ +15 aq.], is bulky, flesh-colored, insoluble in water. It is 
decomposed by ammonia in the same manner as succinate of sesquioxide 
of iron, from which salt it dififers in this, that it dissolves in a little 
hydrochloric acid, with Separation of the greater portion of the ben- 
zoic acid. 

4. Acetate oflead falls to precipitate free benzoic acid and benzoate of 
ammonia, at least immediately ; but it produces white flocculent preci- 
pitates in Solutions of benzoates with a fixed alkaline base. 

5. A mixture of alcohol, ammonia, and Solution of chloride of harium 
produces NO precipitate in Solutions of free benzoic acid or of the alkaline 
benzoates. 

§ 170. 

JRecapituIation and remarks, — Succinic and benzoic acids are distin- 
guished from all other acids by the facility with which they may be 
Bublimed, and by their deportment with sesquichloride of iron. They 
are distinguished from one another by the different color of their salts 
with sesquioxide of iron, and also by their different deportment with 
Chloride of baiium and alcohol; but principally by their different degrees 
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of solnbility, saecinio aoid being readilj Boluble in waier, wliüst benzoio 
acid is veiy difficalt of Solution. Sucoinio acid is seldom perfectly pure, 
and maj therefore often be detected by the odor of oil of amber vhioh 
it emits. 

The detection of the two acids, when present in the same Bolation 
with other acide, may be effected as follows : predpitate with sesqni- 
Chloride of iroui warm the washed precipitate with ammonia, filter, 
conoentrate the Solution, divido it into two parte, and mix one part with 
hydrochloric acid, the other with chloride of barium and alcohol. 

Succinic acid and benzoic acid do not prevent the precipitation of sei- 
quioxide of iron, alumina^ dtc., by alkalies. 

THIBD QBOUP OF THI OBOAKIO ACIDS. 
AOIDS WHIOH ARE KOT PBEOIPTTATED BT ChLOBIDE OF CALCIUM HOB 

BT 8E8QÜICHL0B1DE OF Ibon : Äc^ic Äcidj Formio Ädd (Lactic Acid, 
Propionic Acid, Butjric Add). 

§ 17L 
fik AoETio Agio (H0,C^H,0J. 

1. The HYDBATE OF AOETIO AOID forms transparent crystalline scales, 
which fnse at 62*6^ F. to a colorless fluid of a peculiar pungent and pene- 
trating odor, and ezceedingly acid taste. When ezposed to the action of 
heat it volatUizes completelj, forming pungent inflammable vapors, which 
bum with a blue flame. It is miscible with water in all proportions ; 
it is to such mixtures of the acid with water that the name of aoetio 
add is commonl 7 applied. The hydrate of acetic add is also soluble 
in alcohoL 

2. The ACETATES undergo decomposition at a red heat; among the 
producta of this deoompodtion we geoerallj find hjdrate of acetic add, 
and almost invariably acetone (0 H^ OJ. The acetates of the alkalies 
and alkaline earths are converted into carbonates in this process ; of the 
aoetates with metallic bases manj leave the metal behind in the pure 
State, others in the form of oxide. Most of the reddues which the 
aoeta^ leave upon ignition are carbonaceous. Nearlj all aoetates dia- 
solve in water and in alcohol; most of them are readily soluble in water, 
a few only are difficult of Solution in that menstruum. If acetates are 
distilled with dilute sulphüric add, the free acetic add is obtained in the 
dLstillate. 

3. If seaquieUoride qfiron is added to acetic add, and the add is then 
nearly saturated with ammonia, or if a neutral acetate is mixed with 
sesquichloride of iron, the fluid acquires a deep dark red color, owing to 
the formation of acetate of resquioxide of ibon. By boiling the 
fluid becomes colorless if it contains an excess of acetate, the whole of 
the sesquioxide of iron predpitating as a bade acetate, in the form qt 
brown-yellow flakes. Ammonia predpitates from it tiie whole of the 
sesquioxide of iron as hydrata By addition of hydrochloric add a fluid 
which appears red from the presence of acetate of sesquioxide of iron 
torns yellow (difference from sulphocjranide of iron). 

4. Neutral aoetates (but not free acetic add of a certain degree of 
dilution) giye with nüraUe of nlver white crystalline predpitates of 
agbzaxb of 8ILTEB (Ag O, C^ H, O,), which are Tery sparingly soluble 

L O 
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in cold water. They dissoWe more easilj in Hot water, bat aepuate 
again upon cooling, in the form of very fine crystalii. AmoKMiiA &> 
solves tbem readily ; free acetic acid does not increaae their sc^bOitf 
in water. 

5. Nitrate ofsvhoxide ofmercury prodnces in Solutions of acetic acid, 
and more readily still in Solutions of acetates, white scalj crystelliM 
precipitates of acetatk dp suboiidk dp mercurt (H^O, C^H,OJt 
which are sparingly soluble in water aod acetic acid in the oold, bat d»- 
solve witbout difficulty in an ezcess of tbe precipitant. The predpitet« 
dissolve in water npon beating, bnt separate again upon ooolin^ in the 
form of small crystals ; in tbis process tbe salt undei^goes partial daco»* 
Position : a portion of tbe mercury separates in tbe metallio state, and 
imparts a gray color to tbe precipitate. If tbe aoetate of suboxide of 
mercury is boiled witb dilute acetic acid, instead of water, the qnantitf 
of tlie metallic mercury wbicb separates is exceedingly nünute. 

6. Cldoride ofmercury produces no precipitate of subchloride of JOBt- 
cury witb acetic acid or acetates upon beating. 

7. By beating acetates witb co7vcerUr(Ued sulphwric cicid htdbati or 
ACETIC ACID is cvolved, wbicb may be known by its pungent odor. 
But if tbe acetates are beated witb a mixture of abont equal volumes of 
eancentrated sulphuric acid and alco?u>l, acetic ether (C^ H^ O, C^ H,0J 
is formed. Tbe odor of tbis etber is bigbly cbaracteristio and agreeable; 
it is most distinct upon sbaking tbe mixture wben somewhat oooled, aod 
is mucb less liable to lead to mistakes tban tbe pungent odor of the 
free acetic acid. 

8. If acetates are distilled witb dilute sulpburio acid, and the distillate 
is digested witb an excess of oxide o/lead, part of tbe latter disaolvei 
as basic acetate of lead, wbicb may be readily recogniaed by its alkalixie 
reactioiL 

§172. 

h. FoRMic AaD (HO,C,HOJ. 

1. Tbe htdrate op formic acid is a transparent and oolorlett 
sligbÜy fuming liquid of a cbaracteristio and exceedinglj penetrating 
odor. Wben cooled to below 32° F., it crystallizes in colorleas plates. 
It is miscible in all proportions witb water and witb aloohol. Wben 
exposed to tbe action of beat, it volatilizes completely ; the vapors are 
inflammable and bum witb a blue fiame. 

2. Tbe FORMATES, like tbe corresponding acetates, leave upon ignition 
eitber carbonates, oxides, or metals bebind, tbe process being attended 
witb Separation of cbarcoal, and escape of carbide of bydrogen, carbonio 
acid, and water. All tbe Compounds of formic acid with bases are 
soluble in water ; alcobol also dissolves maoy of tbem, but not alL 

3. Formic acid sbows tbe same reaction witb sesquicMoride of inm 
as acetic acid 

4. Nit/rate of süver falls to precipitate free formic acid, and decom- 
poses tbe alkaline formates only in concentrated Solutions. The white 
sparingly soluble, crystalline precipitate of Formate op silver (AgO, 
CjHOj) acquires very rapidly a darker tint, owing to tbe Separation of 
metallic silver. Complete reduction of tbe oxide of silver to tbe me- 
tallic State takes place, even in tbe cold, afber tbe lapse of some time ; 
but immediately upon applying beat to tbe fluid containing the preci- 
pitated formate of silver. Tbe same reduction of tbe oxide of silyer to 
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the metallic state takes place in a Solution of free formic acid, and also 
in Solutions of formates so dilute that the addition of the nitrate of 
siiver falls to produce a precipitate in them. But it does not take plape 
in presence of an excess of ammonia. The rationale of this reduction 
is as foUows : the formic acid, which may be looked upon as a Compound 
of carbonic oxide with water, deprives the oxide of siiver of its oxygen, 
thus causing the formation of carbonic acid, which escapes, and of water, 
whilst the reduoed siiver separates in the metallic State. 

5. NitrcUe ofsuhoodde qfmercury gives no precipitate with free formic 
acid ; but in concentrated Solutions of alkaline formates this reagent 
produces a white sparingly soluble precipitate of Formate dp suboxidb 
OF mercury (HgjO, C,HO,), which rapidly becomes gray, owing to the 
Separation of metallic mercury. Complete reduction ensues, even in the 
cold, after the lapse of some time, but is immediate upon application of 
heat This reduction is also attended with the formation of carbonic 
acid and water, and takes place, the same as with the oxide of siiver, 
both in Solutions of free formic acid and in fluids so highly dilute that 
the formate of suboxide of mercury is retained in Solution. 

6. If formic acid or an alkaline formate is heated with chloride of 
mercury to from 140° to 158° F. subchloride of mercury precipitates. 
Presence of free hydrochloric acid or of somewhat considerable quan- 
tities of alkaline Chlorides will prevent the reaction. 

7. If formic acid or a formate is heated with concentrated stUphuric 
a-cid the formic acid is resolved into water and carbonic oxide gas, which 
latter escapes with effervescence and, if kindled, bums with a blue flame. 
The fluid does not tum black in this process. The rationale of the 
decomposition of the formic acid is this : the sulphuric acid withdraws 
from the formic acid the water or the oxide necessary for its existence, 
and thus occasions a transposition of its Clements (C,HO, = 2 CO + HO). 
TJpon heating formates with dilute sulphuric acid in a distilling appa- 
ratus free formic acid is obtained in the distillate, and may mostly be 
readily detected by its odor. Upon heating a formate with a mix iure 
of sulphuric acid and alcohol formic ether is evolved, which is charac- 
terized by its pecnliar arrack-like smell . 

8. If dilute formic acid is heated with oxide of lead, the latter dissolves. 
On cooling the Solution, which, if necessary, is concentrated by evapora- 
tion, the formate of lead (PbO, C^HOJ separates in brilliant prisms 
or needles. 

§ 173. 

Eecapüulatum and remarks, — Acetic acid and formic acid may be di»- 
tilled over with water, and form with sesquioxide of iron soluble neutral 
salts which dissolve in water, imparting to the fluid a blood-red color, 
and are decomposed upon boiling. These reactions distinguish the two 
acids of the third group from the other organic acids. From each other 
the two acids are distinguished by the odor of their hydrates and ethyle 
Compounds, and by their different reactions with salts of siiver and salts 
of mercury, oxide of lead, and concentrated sulphuric acid. The Separa- 
tion of acetic acid from formic acid is effected by heating the mixture of 
the two acids with an excess of oxide of mercury or oxide of siiver. 
Formic acid reduces the oxides, and suffers decomposition, being resolved 
into carbonic oxide and water ; whilst the acetic acid combines with the 
oxidets forming aoetates, which remain in Solution. 

o 2 
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§ 174. 

Rartr Äeidi of (he third grfmp of Organie A cid». 

1. Laotio Acid (2H0,C„Hi«0J. 

Lactic acid is developed in animal fluidg, vegetable matten that have tamed mmr, 
ftc. Pure hydrate of laotio acid is an inodorous sympy liquid ; it ha« a aoar aad 
biting taste. When it is slowly heated in a retort to 266" F., water contaiBiny a 
litUe hydrated lactic acid distiu over, leaying a residue of anhydroiu laetie aeÜ 
(C„H,qO|o), which at a temperature between 482* F. and 672* F. ia dwompaaed isto 
oarbonio ozide, oarbonio acid, laotide, and other producta. — Hydrate of lactk aeÜ 
diaioWes freely in water, aloohol, and ether. Upon Doiling the aqueona aoiotioii a fitdt 
lactic acid Tolatiliaes along with the aqueous yapour. AU the laotates are soluble in 
water, the greater part of them, however, only sparingly ; it ia the same with rwani 
to apirit of wine ; bat they are all insoluble in ether. The produotion of aome of these 
■alta and the inapeotion and ezamination of their form ander the microeoope aupply tbe 
meana for the deteotion of laotio acid ; lactate of lime and lactate of mino are the best 
Buited for thia purpoae. Lactate of lime nay be conveniently prepared from animal or 
yegetable liquide by the foUowing method deviaed by Sohsrbb : — Dilote the liquid, if 
neceflsaiy, with water, mix with baryta- water, and nlter. Distil the filtrate with soom 
aalphuric acid (to remove Yolatile acidt), digeet the residue 8e?eral daya with stroog 
aloohol, distil the acid Solution with a little milk of lime, filter warm from the ezocis 
of lime and the sulphate of lime, oonduct oarbonio acid into the filtrate, heat onoe more 
to boiling, filter from the precipitated carbonate of lime, evaporate the filtrate^ wann 
the residue with streng alcohol, filter, and let the neutral filtrate stand aeyeral dayi to 
«▼e the lactate of lime Ume to orjrstskllize. Should the quantity of lactic aoid present 
be insufficient to allow the formation of orystals, evaporate the fluid to ayrupy coo« 
aistenoe, mix with streng alcohol, let the mixture stand some time, decant or filier the 
alooholic Solution into a yessel that oan be closed, and add gradually a amall quantity 
of ether. The prooees will cause eyen minute traces of lactate of lime to aeparate from 
the fluid. Lactate of lime sbows under tbe mioroscope the form of minute eiystalline 
needlea agsregated in tufta with short stalka, pairs of them always being joined at tlie 
atidked ends, so as to look like brushes united together. — Lactate of zino depoaited quicklj^ 
from its Solution shows under the mioroscope the form of spherical groupa of needles. 
The slow evaporation of Solution of lactate of zinc giyes first or^tala msembliog 
dube trunoated at both ends ; these crystals gradually increase in size ; the two endi 
apparently diminish, whilst the middle parts increase in size (Funki). 

2. Pbofiokio Aon) (H 0, 0«H. OJ, and Butibio Aom (H 0, C,H,0,). 

Pbopionio aoid is formed under a great yariety of oircumstanoes ; it is chiefly found 
in fermented liquida. The pure hydrate of the acid crystallizea in minute plates ; it 
boils at from 284* F. to 287 '6* F. ; it dissoWes readily in water. Piopionic acid floats 
as an oily Stratum on aqueous Solution of phosphoric acid and on Solution of cfaloride 
of calcium. It has a peculiar smell, which reminds both of butjrric and acetic add. 
Upon distilling the aqueous Solution, the propionic acid passes oyer into the distilJate. 
BuTTaio AOID is frequently fouDd in animitl and yegetable matter, more particularly also 
in fermented liquids of yarious kinds. The pure hydrate of the acid is a colorless, 
mobile, corrosive, intensely sour fiuid, of a disagreeable oder, a combination of the 
smell of rancid butter ana acetic acid ; it boils at 820^ F. It is miscible in all pro- 
portions with water and alcohoL It is separated from the ooncentrated aqueoua Solu- 
tion by Chloride of calcium, ooncentrated acids, &c., in the form of a fluid oil. The 
smell of butyrio acid is particularly streng in the aqueous Solution of the acid. 
Upon distilling the aqueous Solution, the acid passes oyer along with the aqueous 
yapors. 

Propionio acid and butyrio acid are often found aaeociated with formio acid and 
acetic acid in fermented liquids, in guano, and in many mineral waters. The de- 
teotion of the seyeral acids ma^ in such cases be effiscted as foUows : dilute the substanoe 
sufficienüy with water, acidify with sulphuric aoid, and distil ; saturate the distiUate 
with baryta-water, evi^orate to dryness, and treat the residue repeatedly with boiling 
aloohol of 85 per oent. This will leave the formate of baryta and part of the acetate, 
the remainder of the acetate, together with the Propionate and butyrate, diasolving in 
the alcohol. Evaporate the alooholic Solution, dissolve the residue in water, decoro- 
pose oautiously with sulphate of silver, boil, filter, and let the fluid (which ought 
rather to contain a little undecomposed baiyta Salt than any sulphate of ailvnr) evapo- 
rate ander the desiooator. Take out separately the oiystals whioh fonn first^ thoae whioh 
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form after, and thoM which form Ufti^and examine them to aaoertain their nature. 
Aoetate of silver emits apon Solution in ooncentrated Balphoric add the odor of aoetic 
»cid, and gives no oily dropt ; propionate and butyrate of lilver emit the peculiar odor 
of the aeids, and give oily drope, whioh, howe?er, with minute quanütiee are Tisible 
only ander the microflcope. To diitinguish poeitively between propionio and butyric 
acid, it \b indispensable to determine the amount of silver in the separated silver salt«» 
and to fix by this the atomic weight of the acids. If muoh aoetate of baryta has passed 
into the Solution, with a small auantity only of buWrate and propionate, the baryta is 
first oompletelv preoipitated with sulphuric add m>m the aqueous Solution of the 
banrta salts sofuble in aloohol, half of the add fluid neutralized with soda, the other 
half added, the fluid then distilled, the distillate^ which now contains prindpally pro- 
pionic and butyric acids, saturated with baiyta, then decomposed with sulphate of 
•Uver, and the remaining part of the prooess oondnoted as above. 
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PRELIMINARY REMARKS 

OH TBl 

COUBSI OF QUALITATIVE AKALY8IS IN QBNBRAI^ AKD OV THS PLAK OT 
THI8 PABT OF THB PRE8KNT WOBK IN PABTICULAB. 

Thb knowledge of reagents and of the deportment and reacüon of other 
bodies with them enables ua to asoertain at ooce whetber a simple Com- 
pound of which the phyaical properties permit an inference as to its 
natura, is in realitj what we suspect it to be. Thus, for instanoe, a few 
simple reactions suffioe to sbow n^betber a body which appeara to be 
calcareoos spar is reallj carbonate of lime, and that another which we 
hold to be gjrpsum %b aotuall j sulphate of lime. This knowledge usually 
suffioes also to asoertain whetber a oertain body is present or not in a 
Compound ; for instance, whether or not a white powder contains sub* 
Chloride of mercuiy. But if our design is to asoertain the chemical 
nature of a substance entirely unknown to us — if we wish to disoover 
all the constituents of a mixture or chemical Compound — ^if we intend 
to prove that^ besides certain bodies which we have detected in a mix- 
ture or Compound, no other substance ccm possibly be present — ^if 
consequently a camplete qualü<Uiffe analysia is our object, the mere 
knowledge of the reagents, and of the reactions of other bodies with 
them, wUl not sufSce for the attainment of this end ; this requires the 
addiüonal knowledge of a systematic and progressive course of analysis^ 
in other words» the knowledge of the order and atuscession in which 
solvent», and general and special reagents, should be applied, both to 
effect the speedy and certain detection of every component dement of a 
Compound or mixture, and to prove with certainty the absence of all 
other substances. If we do not possess the knowledge of this syste- 
matic course, or if^ in the hope of attaining our object more rapidly, we 
adhere to no method whatever in our investigations and experimentSy 
analyzing beoomes fat least in the hands of a novice) mere guess-work, 
and the results obtained are no longer the fruits of scientific calculation, 
but mere mattem of accident, which sometimes may prove lucky hits^ 
and at others total fidlures. 

Every analytical investigation must therefore be based upon a definite 
method. But it is not by any means necessary that this method should 
be the same in all oases. nactice, reflectioiii and a due attention to 
drcumstances will, on the contrary, generally lead to the adoption of 
diffisrent methods ibr different casea However, all analytical methods 
agree in thisi that the substances present or supposed to be present in a 
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Compound or mixture are in the first place classed into certain groiips, 
which are then again subdivided, until the individual detection of the 
▼arious 8ubstances present is finally accomplished. The diversity of 
analytical methods depends partly on the order and succession in which 
reagents are applied, and partly on their selection. 

Before we can venture upon inventing methods of our own for indi- 
vidual cases. we must first make ourselves thoroughly conversant with 
a oertain definite course or systera of chemical analysis in general. This 
System must have passed through the ordeal of experience, and must be 
adapted to every imaginable case, so that afberwards, when we have 
acquired some practice in analysis, we may be able to determine which 
modification of the general method will in certain given cases most 
readily and rapidly lead to the attainment of the object in view. 

The exposition of such a systeroatio course, adapted to all cases, tested 
by experience, and combining simplicity with the greatest possible secu- 
rity, is the object of the First Section of the second part of this work. 

The Clements and Compounds comprised in it are the same which we 
Have studied in Part I., with the exception of those discussed more 
briefly, and marked by the use of smaller type. 

• The First Section of the Second Part consists of pbactical instruo- 
TIOKS IN ANALYSIS, wherein I have laid down a systematic course which, 
with due care and attention, will, by progressive steps, lead speedily and 
aafely to the attainment of the end in view. 

The subdivisions of this practical course are, 1, Preliminary examina- 
tions ; 2, Solution ; 3, Actual examination. 

The third subdivision (the actual examination) is again subdivided 
into, (1) Examination of Compounds in which but one base and one acid 
are assumed to be preaent ; and, (2) Examination of mixtures or com« 
pounds in which cUl the substances treated of in the present work are 
assamed to be present With respect to the latter section I have to 
remark that where the preliminary examination has not clearly demon- 
Btrated the absence of certain groups of substances, the Student cannot 
safely disregard any of the paragraphs to which reference is made in 
consequence of the reactions observed. In cases where the intention is 
aimply to test a compoimd or mixture for certain substances, and not to 
asoertain all its constituents, it will be easy to select the parlicular num- 
bera which ought to be attended to. 

As the construction of a universally applicable systematic course of 
analysis requires due regard to, and provision for, every contingency 
that may possibly arise, it is seif evident that, though in the System here 
laid down the various bodies comprised in it have been assumed to be 
inixed up together in every conceivable way, it was absolutely indis- 
pensable to proceed throughout upon the supposition that no foreign 
organic matters whatever were present, since the presence of such matters 
would of course tend to prevent or obscure many reactions, and variously 
modify others. 

Although the general analytical course laid down here is devised and 
arranged in a manner to suit all possible conti ngencies, with a very few 
exceptions, still there are special cases in «which it may be advisable to 
modify it. A preliminary treatment of the substance is also sometimes 
necessary, before the actual analysis can be proceeded with ; the presence 
of coloring or slimy organic matters more especially requires certain 
prelimjj^j^f^cations. 
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The Second Section of this Part will be found to contain a deiailed 
description of the special methods employed to effect the analysis of a 
few iraportant Compounds and mixtures which cbemists are frequently 
called upon to examine. Some of these methods show how the analy- 
tical processes become simplified as the nnmber of substances decreases 
to which regard must be had in the analysis. 

In conclusion, as an intelligent and suocessfnl pursuit of analysis is 
possible only with an accurate knowledge of the principles whereon the 
detection and Separation of bodies depend, since this knowledge alone 
can furnish the student with a guide to the selection of the proper re- 
agents, and the order in which they onght to be applied, I have given in 
the Third Section of the Second Part an explanation and elncidation of 
the general analytical process, with numerous additions to the practical 
Operations. As this third section may properly be regarded as the key 
to the first and second sections, I strongly recommend stndents to make 
themselves early and thoroughly acquainted with it. I have devoted a 
special section to this theoretical explanation of the prooess, as I think 
it will be understood better in a connected form than it would have been 
by explanatory additions to the several paragraphs, which, moreoyer, 
might have materially interfered with the plainness and perspicuity of 
the plan of the practioed process. 

I have also in this third section taken oocasion to point ont in what 
residues, Solutions, precipitates, <Scc., which are obtained in the systematio 
course of analysis, the more rarely occurring Clements may be expectcd 
to be met with ; and also to give instructions how to proceed with a 
view to ensore the detection of these bodies also syst^matically. 



SECTION L 

PRACTICAL PROCESS FOR THE ANALYSIS OF COMPOUNDS 

AND MIXTURES IN GENERAL. 

I. Paeluonaby Examination.* 

§ 175. 

1. ExAHiNE, in the first place, tiie physical properties, such as the It 
color, shape, hardness, gravity, odor, Ac, of the substance intended 
for analysis, since these will ofben enable you in some measure to 
infer its natura Before prooeeding to the application of any chemical 
process, you must always consider how much of the substance to be ana- 
lyzed you have at command, since it is necessary, at this early period of 
the examination, to calculate the quantity which may safely be used in 
the preliminary investigation. A reasonable economy is in all cases 
advisable, even though you may possess the substance in large quantities ; 

* Consttlt also the obMnratioDS and additioiui in the Third Section of Part IL 
t These maiginal nomben are timply intended to fiicilitate referenoe. 
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bat, under all oircumstanoes, let it be a fixed mle never to uae ai ODoe 
the whole of what you poaaeBS of a subfttance, bat always to keep a por- 
iion of it for onforeseen contingenoieB^ and for confirmatory experimentB. 

A. Thb Body ühdbr Exaicikatiok is Soui>. 

I. It 18 MEITHSB A PURB MeTAL KOB AK AlLOT. 

§ 176. 

1. The sabstanoe is fit for examination if ia powder or in minute 2 
oryBtals ; bat in the case of larger orystals or solid pieoes, a portion 
mast, if praotioable, be first redaced to fint powder, Bodies of the 
softer kind may be tritarated in a poroelain mortar ; those of a harder 
natare must first be bruken into small pieces in a steel mortar, or 
upon a steel anvil, and the pieoes then be tritarated in an agate 
mortar. 

2. Put somb of thb powdeb into a glass tubi^ bbaled at okb 3 
bnd, about bix oemtimeteeb long and fhtb milumbtbbb wide, and 
HBAT lirst gently over the spirit or gas-lamp, then intensely in the 
blowpipe flame. The reactions resolting may lead to many positive or 
probable oonclusions regarding the natare of the sabstance. The follow- 
ing are the most important of these reactions, to which particalar 
attention oaght to be paid ; it often occars that several of them are 
observed in the case of one and the same sabstance. 

a. Thb bubstancb bemains unaltebkd : absence of organic 4 
matters, salts contaiuing water of crystallization, readily fusible 
matters, and volatile bodies. 

6. The sübstance does not fusb at a mopebate heat, but 5 
8IMPLY 0HANQE8 COLOE. From white to yellow, tuming white 
again on cooling, indicates oxide of zinc ; from white to 
yellowish brown, tuming to a dirty light yellow on cooling, indi- 
cates BiNOXiDE OF TIN ; if the color changes from white to brown- 
ish-red, taming to yellow on cooling, and the body is fasible at a 
red heat, this indicates the presence of oxide of lead ; if the oolor 
changes from white, or pale yellow, to orange yellow, or to a deeper 
and more reddish tint ap to reddidi-brown, taming pale yellow on 
cooling, and the body fases at an intense red heat, this indicates the 
presence of teboxide of bismuth ; if the color changes from red to 
black, taming reddish-brown again on cooling, this indicates the 
presence of besquioxide of ibon ; if the color changes from yellow 
to dark orange, and the body fases at an intense heat, this 
indicates neutbal chbohate of potafsa, ho, 

c. The bubstancb fuses without expulsion of aqueoüb 6 
yapoes. If by intense heating, gas (oxygen) is evolved, and a 
small fragment of charcoal thrown in is energetioally oonsumed, 
NiTBATES or CHL0BATE8 may be assamed to be present. 

d, AqUEOUS VAPOBS ABE EXPELLED, WBICH OONDBNBE IN THB 7 

COLDEB PABT OF THE TUBE : this indiicatcs the presence either 

(a) of BUBSTANCES CONTAINING WATEE OF CBT8TALLIZATI0N, in 

which case they will generally readily fuse, and re-solidify after 
expulsion of the water ; many of these swell considerably whilst 
y i^iyyy^ thcir water, e, g, (borax^ alum) ; or (ß) of decompoaable 
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HYDRATES, in which case tbe bodies often will not fuse ; or (y) of 
anhydrons salta, holding water meghanicallt enclosed between 
their lamellsB — in which case the bodies will decrepitate-; or {d) of 
bodies with moistore extemally adbering to them. 

Test the reaction of the Condensed fluid in the tnbe ; if it is 
alkaline, ammonia maj be assumed to be present ; if acid, a volatüe 
acid (salpharic acid, sulphurous acid, hydrofluoric acid, hydro- 
cbloric, hydrobromic, hydriodio acids, nitric acid, &c.). 

e. Gases de fumes esoape. Obsenre whetber they have a 8 
oolor, a smell, an acid or alkaline reaction, whetber they are 
inflammable, &c, 

aa. OxYGEN. The disengagement of this gas indicates the 
presence of peroxides, chlorates, nitrates, &c. A glimmeriug slip 
of wood is relighted in the gaseoos current. 

hb, Sulphurous aoid. ThiB is oflen produced by the deoom- 
position of solphates ; it may be known by its peouliar odor and 
by its acid reaction. 

CG. Hyponitrio acid, resnlting from the deoomposition of 
nitrates, especially with oxides of the heavy metab ; it may be 
known by the brownish-red oolor of the fumes. 

dcL Oabbonio aoid. The evolution of carbonic acid indicates 
the presence of carbonates decomposable by heat The gas evolved 
is colorless and tasteless, non-inflammable ; a drop of lime- 
water on a watch-glass becomes turbid on exposure to the gaseous 
current. 

ee. Carbonio oxide gas. The escape of this gas indicates the 
presence of Oxalates and also of formates. The gas bums with 
a blue flame. In the case of Oxalates the carbonic oxide 
evolved is generally mixed with carbonio aoid, and is therefore 
more difficult tö kindle : in the case of formates the evolution of 
the gas is attended with marked carbonization. Oxalates evolve 
carbonic acid when brought into contact with binoxide of man- 
ganese, a little water, and some concentrated sulphuric acid, on a 
watch-glass ; formates evolve no carbonic aoid under similar cir- 
cumsta^ces. 

ff, Cyakogen. The evolution of cyanogen gas denotes the 
presence of cyanides decomposable by heat. The gas may be 
knowD by its odor, and by the crimson flame with which it bums. 
gg. Hydrosulphurio acid gas. The escape of hydrosul- 
phuric acid gas indicates the presence of sulphides containing 
water ; the gas may be readily known by its odor. 

hh, Ammokia, resulting from the deoomposition of ammouiacal 
saits, or also of cyanides or nitrogenous organio matters, in which 
latter cases browniog or carbonization of the substance takes place, 
and either cyanogen or ofiensive empyreumatic oils escape 
with the ammonia. 

/. A SUBLIMATE FORHS. This indicates the presence of vola- 9 
tile bodies : the foUowing are those more frequently met with : — 

aa, SuLPHUR. Eliminated from mixtures or from many of the 
metallio sulphides. Sublimes in reddish-brown drops, which 
solidify on oooling, and tum yellow or yellowish-brown. 

bb, Ammonia salts give white snblimates ; heated with soda 
and a drop of water on platinum-foil they evolve ammonia. 
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cc. Mebcuby and Compounds of mercury. Metallic mercüry 
forma globales ; sulphide of hercury is black, but acquires a 
red tiut when rubbed ; Chloride of hercury fuses before vola- 
tilizing ; subchloride of mercury sublimes without previous 
fusion ; the Sublimate, which is yellow whilst bot, tums 
white on cooling. The red iodidb of mercury gives a yellow 
Sublimate. 

dcL Arsenic and Compounds of tbat metaL Metallic arsenic 
forms the well-known arsenical mirror; arsekious acid forms 
small shining crjstals ; the bulphides of arsenic give Sublimates 
which are reddiah-yellow whilst bot, and tum yellow ou cooling. 
ee, Teroxide of aktimony fuses to a yellow liquid before 
Bubliming. The Sublimate consists of brilliaut needles. 

ff. Benzoic acid and succinic acid. These may be known by 
the odor of their fumes. 

gg. Hydrated oxalic acid. White crystalline Sublimate, 
thick fumes in the tube. Heating a small sample on platinum- 
foil with a drop of concentrated sulphuric acid giyes rise to 
a copiouB evolution of gas. 

ff. Carbonization taeies place: organic substances. This 10 
is always attended with evolution of gases (acetates evolve 
acetone) and water, which latter has an alkaline or acid reao- 
tion. If the residue effervesces with acids, whilst the original 
Bubstance did not show this reaction, organic acids may be 
assumed to be present in combination with alkalies or alkaline 
earths. 
3. Place a small portion of the bubstance on a charcoal H 
8UPP0RT (in the cavity scooped out for the purpose), and Expose to 

the inner BLOWPIPE FLAME. 

As most of the reactions described under 2 (3—10) Ri"® ftl^o produced 
by this process, I will here enumerate only those which result more par- 
ticularly and exclusively from its application. Evolution of sulphurous 
acid, when the flame plays upon the sample or the coal, generally indicates 
the presence of a sulphide. The following are the reactions which 
will permit pretty accurate conclusions. 

a. The body fuses, and is absorbed by the charcoal 12 
OR forms a read in the cayity, not attended by incrusta- 
tion : this denotes more particularly the presence of salts of 
the alkalies. 

b. An infusible white residue remains on the charcoal, 13 
either at once or afber previous melting in the water of crys- 
tallization. This indicates more particularly the presence of 
baryta, strontia, lime, magnesia, alumiua, oxide of zino (which 
appears yellow whilst bot), and silicic acid. Among these sub- 
stances STRONTIA, LIME, MAGNESIA, and OXIDE OF ziNC are dis- 
tingui^hed by strong luminosity in the blowpipe flame. Moisten 
the white residue with a drop of Solution of nitrate of protoxide 
of cobalt, and expose again to a strong heat. If the mass assumes 
a fine blue tint this indicates the presence of alumina ; if a red- 
dish tint, of Magnesia ; if a green color, of oxide op zinc. If 
silicic acid is present the mass also assumes a faint bluish tint, 
which must not be confounded with that proceeding from the 

ice of alumina. 
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lu the case a or b the preliminary examination for alkalies and 
alkaline earths may be oornpleted bj inspecting tbe colors which 
tbe substanoes impart to flame. For tbis purpose a little of tbe 
Bubstance ia attacbed to tbe loop of a fiae platiuum wire, 
moistened repeatedly witb sulpburic acid, dried cautiously near 
tbe border of tbe flarae, and tben beld in tbe fiistng zone of 
Bunsen's gaa-flame. Tbe colorations caused by tbe alkalies will 
make tbeir appearance first, followed — after Yolatilization of tbe 
alkalies, by tbat of baryta, and finally — after moistening witb 
bydrocbloric acid — ^by tbose of strontia and lime. For detells 
see § 92 and § 99. 

c The substakcb leavbs an infusiblb residue of 14 

ANOTHER COLOR, OR REDUCTION TO THE METALLIC STATE TAKES 
PLACE, OR AN INCRUSTATION FORHS ON THE OHARCOAL. Mix 

a portion of tbe powder witb oarbonate of soda, and beat on cbar- 
coal in tbe reducing flame ; observe tbe residue in tbe cayity, 
as well as tbe incruatation on tbe cbarcoaL 

cu Tbe sustained applicatton of a strong flame prodaces a 15 
metallic globale, witbout incrustation of tbe cbarcoal ; tbis 
indicates tbe presence of qold or copper. Tbe oxides of 
platinum, iron, cobalt^ and uickel are indeed also reduced, 
but tbey yield no metallic globales. 

ß, The cbarcoal sapport is coated witb an incrustation, lg 
eitber witb or witbout simultaneous formation of a metallic 
globale. 

oo. Tbe incrustation is white, at some distanoe from tbe test 
specimcn, and is very readily dissipated by beat, emitting a 
garlic-like odor : arsenio. 

bb, The incrustation is wkUe, nearer tbe test specimen than 
in aa, and may be driven from one part of tbe support to 
anotber : antihont. Metallic globules are generally observed 
at the same time, whicb continue to evolve white fumes long 
after tbe blowpipe jet is discontinued, and upon cooling become 
surrounded witb crystals of teroxide of antimony ; tbe globules 
are brittle. 

cc. Tbe incrustation is yellow wbilst bot, but tums white on 
cooling ; it is pretty near tbe test specimen, and is witb diffi- 
culty Yolatilized : ziNO. 

dd. The incrustation bas a faint yeUow tint wbilst bot, but 
tums white on cooling ; it surrounds tbe test specimen, and 
botb tbe inner and outer flame fail to volatilize it : tin. The 
metallic globules formed at the same time, but only in a strong 
reducing flame, are bright, readily fusible, and ductile. 

ee. Tbe incrustation bas a lemon-yeUow color, tuming on 
cooling to sulpbur-yellow ; beated in tbe reducing flame it 
leaves its place witb a blue gleam : lead. Beadily fusible, 
ductile globules are formed at tbe same time witb the incrus- 
tation. 

ff. Tbe incrustation is of a dark orange-ydlow color wbilst 
bot, whicb changes to lemon-yellow on cooling ; beated in tbe 
reducing flame it leaves its place witbout a blue gleam : bis- 
MUTH. The metallic globules formed at tbe same time as tbe 
incmstation are readily fusible and brittle. 
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gg, The incrostation is reddish-browD, in thin layers, orange- 
yellow ; it volatilizes without a colored gleam : caduiüic 

hk, The incrustation ia dark-red : silveb. Where lead and 
antimony are present at the same time, tbe incrustation is 
crimson. In cases where a reduction to the metallic state has 
taken place, moisten the sample with water, scoop it out, tritu- 
rate in a small agate dish, and wash off the charcoal particles 
with water — when the gold will be obtained in yellow, the 
oopper in ooppeiy-red, the silver in nearly white, the tin in 
grayish-white, the lead in whitish-gray minute plates or stripe, 
the bismuth as a reddish-gray, the zinc as a bluish-white, the 
antimony as a gray powder. When oopper and tin, or oopper 
and zinc, are present at the same time, yellow alloys are 
occasionally formed. 

4. FUSB A SMALL POBTIOIf T0O1ETHER WITH A BEAD OF MICRO- 17 
C08MI0 SALT, AND EXPOSE FOB SOME TIME TO THE OUTEB FLAME 
OF THE BLOWPIPB. 

o. The substance dissolves beadilt and ratheb oopiouslt 

TO A OLEAB BEAD (WHILST HOT). 

o. The hol head ia colored : 18 

Blue, by candlelight iuclining to violet — cobalt ; 
Gbeen, upon cooling blue ; in the reducing flame, after 

cooling, red— OOPPEB ; 
Green, partioularly fine on cooling, unaltered in the reducing 

flame— CHBOMiUM ; 
Bbowkish-bbd, on cooling light yellow or colorless ; in the 

reducing flame red whilst hot^ yellow whilst cooling, then 

greenish — iron ; 
Dark-tellow to REDDiSH, tuming lighter or altogether 

colorless on cooling; in the reducing flame unaltered — 

NICKEL ; 

Tellowish- BROWN, ou cooling changing to light yellow or 
loeing its color altogether j in the reducing flame almost 
colorless (especially after contaot with tin), blackish-gray 
on cooling — bismuth ; 

Bright yellowish to OPAL) when cold rather duU ; in the 
reducing flame whitish-gray — silver ; 

Amethyst-red, especially on cooling ; colorless in the 
reducing flame, not quite dear — ^manoanesk 
ß. The hol head ia colorless : 19 

It rem ains clear on cooling : antimony, alümina, zinc, 
CADMiUM, lead, lime, MAGNESIA; the lattcr five metals, 
when added in somewhat large proportion to the micro- 
cosmic Salt) give euamel-white beads ; the bead of oxide 
of lead saturated is yellowish ; 

It becomes enamel-white on cooling, even where only 
a smaller portion of the powder has been added to 
the microcosmic salt : baryta, strontia. 

6. The substance dissoltes slowly and only in small 20 
quantity: 

a. The bead is colorless, and remains so even after cooling ; 
the undissolyed portion looks semi-transparent ; upon addition of 
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a little sesquioxide of iron it acquires the characteristic color 
of au iron bead : siLicic ACiD. 

ß, The bead is colorlass, and remainB so afler addition of a 
little sesquioxide of iron : tin. 

c. The substance boes not dissolve, but floats (ik the 21 
if etaluc state) ik the bead : gold, platinvh. 
5. Minerals are examined fob fluobine as dibbcted 
§ 146, 8. 

As the bodj under examination may consist of a mixture of the 
most dissimilar matters, it is impossible to give well defined cases tbat 
shall offer at the same time the advantage of geueral applioability. 1( 
therefore, reactions are observed in an experiment which proceed frora a 
combination of two or several cases, the conclusions drawn from these 
reactions raust of course be modified accordiugly. 

After the termination of the preliminary examination, proceed to the 
Solution of the substance, as directed § 180 (32)* 

§177. 
II. The Substance is a Metal or an Allot. 

1. HeAT A SMALL PORTION OF THE SUBSTANCE WITH WATER ACI- 22 
DULATED WITH ACETIC ACID. 

If HYDROOEN GAS is eYolved this indicates the presence of a 
light metal (possibly also of manganese in the nietallic State). 

2. HeaT A sample of the SUBSTANCE ON CHARCOAL IN THE 23 

REDUCINO FLAUE OF THE BLOWPiPE, and watch the reactions; for 
instance, whether the substance fuses, whether an incrustation is 
formed, or an odor emitted, <S^. 

By this Operation the following metals may be detected with greater 
or less certainty : Arsenic by the smell of garlic ; Mercurt by its 
fluidity; Antimony, zino, lead, bismuth, cadhiuh, tin, silveb, by 
fusing, with incrustation of the charcoal (comp. 16) ; Copper by the green 
coloration of the outer flame. Further conclusions can be formed only in 
cases where the substance contains only one metal, and this in a State of 
purity or approaching purity ; thus, for instance, gold fuses without 
incrustation ; platinum, iron, manganese, nickel, and cobalt, if 
pure, do not fuse in the blowpipe flame. 

3. Heat a sample of the substance before the blowpipe 24 
in a glass tube sealed at one end. 

a. no sublimate is formed in the colder part of the 
TUBE : absence of mercury. 

6. A SUBLIMATE IS FORMED *. presonce of MERCURY, OADMIUM, or 

ARSENia The Sublimate of mercury, which consists of small glo- 
bules, cannot possibly be confounded with that of cadmium or 
arsenic. 
After the termination of the preliminary examination; proceed to the 
Solution of the substance as directed § 181 (42)* 

§178. 

B. The Substance under Examination is a Flihd. 

1. Eyaporatb a small PORTION OF THE FLUID in a platinum 25 
dishi or in a small porcelain crucible, to ascer^ia whether it actuaUj 
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ecmtaha anr matter in lohztiaQ ; if & residae rauiiLS, ^^r^rnhn^ tliis 
M» directed { 176u 

^ TzsT WRH UTMüB-PAFix (bfaie a&d red). 26 

a, The fltid ■Ki»>E2ra blcs Lmus-PAnx. This reacdon 
ma j be canaed hj a firee add or an aäd salt, a» well as bj a 
metallie sth solnble in wmxer. To dwsingqiih betveen these two 
caaefl, pcmr a small qoantitj af the fluid inu> a watcb-glajSy and dip 
inio it a small giaas lod. after moisiening tbe extreme pc*int of xhe 
latter with dilnte solnoon of CArbonate of 9oda ; if xhe fluid remains 
dear, or if the precipitate whidi maj form at flrss^ redLssolTes upon 
tdrring the liqind, this prores the presenoe of a free acid or of an 
acid aalt ; bot if the fliud beoomes tnrbid and remains so, ihis 
generali j denotes the preaenoe of a sohible metallie aalt. 

b. Reddes^d Lmirs-PAFES tukss blte : this indicates the 27 
preaenee of a free alkali or an alkaline carbonate, free alkaline 
earthsy alkaline aulphidea, and of a nomber of other salts con- 
taining an alkali or, maj be^ an alkaline earth, in combination 
with a weak add. 

3. Smell the FLtiD, or, ahonld this fidl to gire sadsfiurtcHy 28 
resolta, distil, to aaoertain whether the simple aolvent prtesent is 
water, akohol, ether, ke. If jon find it is not water, evaporate the 
Solution to drjneas, and treat the residae as directed § 176. 

4. If the Solution is aqoeoos, and manifests an add reaction, 29 

DILUTE A POBTIOH OF IT LAEGELT WITH WATES. Shoold this impart 

a milkj and torbid appearance to it, the preaenee of a^timcxt, 
BI8MCTH (poadblj also of tin) may be inferred. Compc § 121, 9, 
and § 131, 4. 

After the termination of the preüminary examination, proceed to 30 
the actoal examination. If the solation is aqueons, with neutral 
reaction, it can only contain subetances soluble in water ; but if it 
has an acid reaction, arisiDg from the presence of free acid, the actual 
examination must be oonducted with due r^ard to the poasible presenoe 
also of bodies soluble in acids, though insoluble in water. Proceed 
accordingly with neutral aqueous Solutions as directed § 182, with add 
Solutions as directed § 185, if jou are quite sure that there is only one 
add and one base present ; but where there is reason to suppose the 
presence of several bases and acids, proceed as directed § 189. With 
fluids of alkaline reaction, proceed as directed § 182, nnless there be 
reason to sappose the presence of more than one add and more than one 
base^ when the Instructions given in § 189 must be foUowed. 

IL SoLunov OF Bodies, ob Classificatiok of Substances, ac- 
OOBDINO TO theib Depobthent wtth Cebtadt Solvents.* 

§ 179. 

Water and adds (hydrochloric add, nitric add, aqua regia) are 31 
the solvents used to classify simple or Compound substances, and to 
isolate the component parts of mixtures. We divide the varicus 
substances into three classes, according to their respectire deportment 
with these solvents. 

First dose. — Substances soluble dt wateb. 

• Gonsvlt the remaiks in the third aectiotu 
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Second dass, — Substances insoluble ob spabikgly soluble 

IN WATER, BUT SOLUBLE IN HTDROCHLORIC ACID, NITRIC ACID, OB 
AQUA REGIA. 

Third dass, — Substances insoluble ob sparinqlt soluble in 

WATER AS WELL AS IN HTDROCHLORIC ACID, NITRIC ACID, AND 
AQUA REOLL 

The Solution of alloys being more appropriately effected in a different 
manuer from tbat pui'sued with other bodies, I shall gtve a special 
method for these substances (see § 181). 

The process of Solution is conducted in the foUowiog manner. 

A. The Substance under Examination is neither a Metal nor 

AN ALLOT. 

§ 180. 

1. Put about a gramme (15*45 grains) of the finely pulverized 32 
substance under examination into a small flask or a test-tube, 
add from ten to twelve times the amouut of distilled water, and 
heat to boiling over a spirit or gas-lamp. 

a. The substance dissolyes completely. In that case it 33 
belongs to the first class j regard must be had to what has 
been stated in the chapter on the preliminary examination (30) 
with respect to reactions. Treat the Solution either as directed 
§ 182, or as directed § 189, according as either one or several 
acids and bases are supposed to be present. 

h. An insoluble residue remains, eyen after protracted 34 
boilino. Let the residue subside, and filter the fluid off, if 
practicable in such a manner as to retain the residue in the 
test-tube ; evaporate a few drops of the clear filtrate on platinum 
foil ; if nothing reraains, the substance is completely insoluble in 
water ; in which case proceed as directed (35)* ^^^ ^^ ^ residue 
remains, the substance is at least partly soluble ; in which case boil 
again with water, Alter, add the filtrate to the original Solution, 
and treat the fluid, according to circumstances, either as directed 
§ 182, or as directed § 189. Wash the residue with water, 
and proceed as directed (35)* 

2. Treat a small portion of the residue which has been boiled 35 
with water (34) ^^h dilute hydrochloric acid. If it does not 
dissolve, heat to boiliug, and if this falls to effect complete Solution, 
decant the fluid into another test-tube, boil the residue with concentrated 
hydrochloric acid, and, if it dissolves, add the Solution to the fluid in 
the other test-tube. 

The reactions which may manifest themselves in this Operation, and 
which ought to be carefuUy obserYcd, are, (a) Effervescence, which 
indicates the presence of carbonic acid or hydrosulphuric acid ; {ß) Evo- 
lution of chlorine, which iodicates the preseoce of peroxides, Chro- 
mates, 4&C. ; (y) Emission of the odor of hydrocyanic acid, which indicates 
the presence of insoluble cyanides. The analysis of the latter bodies 
being effected iu a somewhat different manner, a special paragraph 
will be dcYoted to them (see § 204). 

o. The residüb is completely dissolyed by the hydro- 3G 
chlobic acid (except perhaps that sulphur separates, which 
may be known by its color and light specific gravity, and may, 

p2 
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afier boiling some time longer, be remoTed bj fihnlion ; or tKst 
gelaticoos h jdimte of silkac seid aepazmtes). Proeeed, aeoovifiiig as 
there is reason to sappose the preseDoe of ooe or of srpetsl bftaes 
andacidfl,eitlierudijnbcted§ 185,ora8directed{ 190,afterprericic^ 
filtrmtioD if Deoenuy. The bodj bdoDgs to tlie aecxiiid daäSL To 
mAke qoite sore of the actiud natnre of tbe sulplmr or hrdimted 
BÜicic seid filt«red ofi^ examine thete Tctiduarj matleTS as 
diiücted { 188, <»- as direcied { 203l 

6. Thjxe IS STILL A UESiDCS LCPT. In tliat caae put sside 37 
the test-tube ooDtaining the specimeo whidi haa becn boiled 
with the hjdrochloric acid, and trj to diaaolTe another aaxnple 
of the rabetanoe insoluble in wmter, or already extractod with 
water, bj boiling with nitrie add, and sobsequent additkm of val«r. 
ETolntion of nitrie oxide^ or nitroos acid, bj the aetioD of the 
nitrie acid, shows that a prooeas of ojddatiob is taking plae& 
And for the rest prooeed aa in (36)- 

a. The munpU is eompUidy diMKived, ar leave$ mö ctier 38 

rendue Inä ndphur or tke gdatuwut hydraie of silieie aeid; 

in this caae also Uie bodj bdongs to the aeoond claa& Use 

this solation to test fiirther fi>r baaea, as direcied { 185, or, as 

the caae maj be, { 189, IIL (109.) 

ß. Aßer boiling wUh nilrie aeul Ikert ii Ml m nmdmt 39 

Pafls on to (40)- 

3. K the rendue insoluble in water will not entirriy diflsolTe 40 
in hjdrochloric acid nor in nitrie aeid, try to effeci coni|dete aolution 

of it bj means of nitro-hjdrochlorie acid. To this end mix the 
Contents of the tnbe treated with nitrie acid with the conientB of tbe 
tulic treated with concentrated hjdrochloric acid ; heat the niixtnre 
to boiling, and shonld this fail to effect complete solntioo, deeant the 
elear fluid off from the undissolYed residoe, boil the latter for soine 
time with conceDtrated nitro-hjdrochloric acid, and add the decanted 
Solution in dilute aqua regia as weU as the Solution in dilnte hjdro- 
chloric acid decanted in (35)- Heat the entire mixtore onee more to 
boiling, and observe whether oomplete Solution has now bem eflected, or 
whether the aetion of the concentrated nitro- hjdrochloric acid has stüi 
left a residue. In the laUer case Alter the Solution — if neoeasarr after 
addition of some water* — wash the residue with boiling wat^*, and 
proceed with the filtoite,and the washings added to it, as direeted § 185, 
or as direeted § 190 ; — in the /armer case proceed with the dear 
Solution in the same waj.t 

4. K boiling nitro-hjdrochloric acid has lefl an undissolTedrefiädne^ 41 

* If the fluid tnras torhid upoB addition of water, this indicates the pw aemjc of h»- 
TDuth or aDÜmoDj ; tbe turbiditj will diaappear again npon addition of kjdrochloric 
a.-id. 

t Where the acid solation on cooling depotäta acieular crystala, the Utter generaDj 
oonsist of Chloride of lead ; it is in that case ofien advisable to deeant the fluid off tbe 
crystals, and to examine tbe fluid and crystals separatdj. Wbere on boiling viib 
aqua regia metastannic cbloride has been formed from binoxide of tin, the washitf 
water, üissoUing tbis, becomes torbid on dropping into the stronglj acid floid wbi^ 
has mn off first. In that case receive the washing water in a separate T«««el and 
t reat tbe tw o solntions separatelj with hydrosulphoric acid as diiectcd in § 190 bot 
**' ■"• '- through tbe nme filier. ' 
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wash it thoroughly with water, and t.hen proceed as directed § 188, 
or as directed § 203, according as there is reason to suppose the 
presence of oaly one or several bases and acids. 

B. Thb Substancb under Examination IS A Mbtal ob 

AN AlLOY. 

§181. 

The metals are best classed according to their respective behaviour 42 
with nitric acid : this gives us, 

I. Metals wuich arb not attacked bt nitric acio : gold, 
platimim. 

IL Metals which are oxidized by nitric acid, büt of which 

the OXIDES DO NOT DISSOLVE IN AN BXCBSS OF TUE ACID NOR IN WATEK : 

autimony, tin. 

III. Metals which are oxidized by nitric acid and converted 

INTO NITRATES, WUICH DISSOLVE IN AN BXCESS OF THE ACID OR IN 

WATER : all the other metals. 

Pour nitric acid of 1 *20 sp. gr. over a small portion of the nietal 
or alloj under examination, and apply heat. 

1. COMPLETE SOLUTION TAKES PLACE, EITHBR AT ONCB OR UPON 43 

ADDITION OF WATER ; this proves the absence of platinum,* gold, 
autimony,t and tin. Proceed either as directed § 185, or as in- 
structed § 189, IIL (109)» according as there is reason to suppose the 
presence of only one or of several metala 

2. A BESIDUE IS LEFT. 

a. Ä metdUic residue, Filter, and treat the filtrate as directed 44 
§ 189, III. (109)> ftfter having seen, in the first place, whether 
anything hJas really been dissolved. Wash the residue 
.thoroughly, to free it from all dissolved metals, dissolve in nitro« 
hydrochloric acid, and test the Solution for oold and platinum, 
according to the Instructions given in § 128. 

h. A white ptUverulenl reaidv^ ; this indicates the presence 45 
of antimony and tin. Filter, ascerlain whether anythiug has 
been dissolved, then treat the filtrate as directed § 189, III. 
(109)* Wash the residue thoroughly, then test for teroxide of 
antihony, binoxide of TIN, and arsenic acid, according to the 
instructions given in § 134, 5. Part, at least, of the arsenic acid is 
always found in this precipitate, combined with teroxide of antiuiouy 
and binoxide of tin. 

* Alloys of silver and platinam, with the latter metal present in small proportion 
only, di!«8olve id nitric acid. 

f Vory minute tracet of antimony, howevor, are oflen oompletely dissolved by nitric 
acid. 
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V A.^.^ ji?a!>^ y^t^.vU.imr «ls£ %^ » perooii of the mqneons wobt- 46 

ÄSÄf«»r J« sft>rYe joii «iSrxiae x idkvui-j, mnd it likewne an 
\%kixMU«>3: «'«''Ulf prSSii:ü<' j^Swiaor ^c ki^ Paas oq to (50V 

>. A rftÄxyr^Ars 2* r.itxcv Ihrüe the fluid in whidi 47 
i>)r )vrvc::\ t.i«i^ v> «&äcira>i«»^ ::lV' r«*^ iKrckmt» and add judido- 

Kvc A>«iT*rt<Ni Vt li^ asTD.-eiA irio ammonio-clilonde of 
i\w«v^*.rY ; n » ivcaifs^T&Ä.'si^T izhixmiiTY of ihe presenoe rf stboxidi 
\Mr «cao^KT. Tc" *rt all S.^Vi csi üik fwant at rest» t«st tbe 
KMA^ual :jv>i^xi)dix: wiiib pcv^Swväijmie cf tin, and with me- 

<«:j^ \>f o^l«>hi*r ofi mU. vr.k^ is t-m diasiDlTvd bj ammonia ; 
tKi* Tv*oli^>ii » aAVffviir^h- inücaCTe of the pivaenoe of 
l KJkiv WWiber ii>* ptvctpitM* x"».>aiaj» reaUj of düoriJe of lead 
\>r lu^l » w\tto>.^5iT>f2T a»>rr&idiM*i : Ist« br dOuüng the aeeond 
Iv^rtixHi \>f the fittjj ia wliiA iJ>e piwpitaxe fcoduoed by hrdro- 
ohUMTto aoid is $vi$|>ec«kd. wiih a lan^ aiDoont of water, and 
a|>|x)ying hoat : the precipitate nosi diaaolTe if it ooosists of 
chiori«K> of lt!«ul : and fnd. bv aiding düute siil|]dianc add 
to the on^nal Kaution ^ 117, SV 
^. Add to the duid aci\liäed with hjdrockloric acid Solution of 50 
h>'diN>«xil|^Hurie a<i\i uutil it snielU distiDctlv of that gaa. eren ailer 
ühakinj;« heat the mixture. add »ome more Solution of hjdroaul- 
l^urio acid« and let it stand a shoit time.^ 

* lliU t^Hrm b OMd bere, and wfaervTer it happeDS to oocar hereafter in the praeot 
irxvri. to %Wv;aat« c^Mmw^uiHlt «appiMxd to coquüh obIt oae baw and om« add, or omt 
niHid and imr ii\>ii<n)«UuUo el«tD«at. Tbe pnncipal otjevt of tlüs chapCfcr it to farilHate 
iiMtinictiv^ in analytt«, as it i« adrantatseoiu that the exaainatioii of cmnpiex ootn« 
)H>uiidi ^>uki b« prece^ied bv the analvsia of aimple oompooiMk. In actnal ptactäcal 
analvMn^ uae can be nutaie of thia cbapter odIt exceptionaUj, as tbere exiau no oatwaixi 
iagn*bT wbicb to judge whetber a sul«taDoe cooiaiiu oalj ooe baae or mdd^ or seTeraL 

f Arwniou* and arwnic acid^ and nlicic acid, are indaded bere. 

t If a procipitate fonns immediatelj apoa additioa of aohitioo of hTdrocnlpboric 
acid, it ia unneceasary to apply beat, &c. ; bat if tbe fluid remains dear, ör ia rendered 
only atii^tly turbid, tbe abore coune of proceading mast be strictlj foUowed, to 
guani againrt the xiak of OTefiooking artenic acid and binozide of tin. 
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a. The flxhd rehains clear. Pass an to (56)f Bince tbis is a 
proof that lead, bismuth, copper, cadmium, oxide of mercury^ gold, 
platinum, tin, antimony, arsenic, and sesquloxide of iron are not 
present. 

b. A PRECIPITATE IS FORKED. 

a. This PRECIPITATE IS WHITE ; it consists in that case of 51 
separated »ulphur, and is indicative of the presence of SES- 
QUioxiDB OF IRON (§ 111, 3). However, as the Separation 
of sulphur may also be caused by other substances, it is indis- 
pensable that you should satisfy yourself whether the substance 
present is really sesquioxide of iron or not. For this purpose 
test this Solution with animonia, and with ferrocyanide of 
potassium (§ 111, 5 and 6). 

ß, The PRECIPITATE IS YELLOW j in this case it may con- 52 
sist either of sulphide of cadmium, sulphide of arsenic, 
or bisulphide of tin ; it indicates accordingly the presence of 
either öädmium, arsenic, or binoxide of tin. To distinguish 
between them, mix a portion of the fluid wherein the precipitate 
is suspended with ammonia in excess, add some sulphide of am- 
monium, and heat 

oa. Tl^e precipitate does not dissolve ; it consists of cadmium ; 
for sulphide of cadmium is insoluble in ammonia and sulphide 
of ammonium. The blowpipe is resorted to as a confirmatory 
test (§ 122, 8). 

bb, The precipitate diasolvea : binoxide of tin or arsenic : 
add ammonia to a small portion of the original Solution. 

aa, A white precipüate is Jbrmed. Binoxide of tin is 
the substance present. Positive conviction is obtained by 
reducing the precipitate before the blowpipe, with Cyanide 
of potassium and carbonate of soda (§ 130, 8). 

ßß. No precipitate is /ormed, This indicates the presence 
of arsenic. Positive conviction may be arrived at by the 
production of an arsenical mirror, which is eflected by 
reducing the original substance or the precipitated sulphide 
of arsenic, either with Cyanide of potassium and carbonate 
of soda, or in some other way ; and moreover by exposing 
the original substance in conjunction with carbonate of soda 
to the inner flame of the blowpipe (§ 132, 12 and 13). If 
the Solution (50) contained cirsenious acid, the yellow preci- 
pitate (52) formed immediately upon the addition of the 
hydrosulphuric acid ; if arsenic acid, it formed only upon 
the application of heat, or afler long standing. For further 
information respecting the means of distinguishing 
between the two acids see § 134, 9. 
y. The PRECIPITATE 18 ORANOE-COLORED ; it that case it 53 
consists of tersulphide of antimony, and indicates the pre- 
sence of TEROXiDE OF ANTiMONY. For confirination the 
original Solution is tested with zino in a small platinum 
dish (§ 131, 8). 

3. The precipitate is dark-browk. It consists of pro- 54 
tosulphide of tin, and indicates the presence of protoxide 
OF TIN. To remove all doubt, test a portion of the original 
Solution with aolutioA of ohloride of mercaiy (§ 129, 8). 
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wmnsD^ mvfiHRc tf- tW «oimiaL ir iu diumljiimiif ubü n 
*uk £uit nuder «zasizzKZiiL t otmervei. xr !■» : "ä» precp" 
n&v^ » "«riin» E irr«! mr ssxnse inwL tiiF adficäia. otf i£ 

v usMsk i :it r". 

^ j&ÖL amnjiiiui. ic > j-*» - xr i. mr'aiiu. nf "äiF oEspizttL k^ 
zi^n . iL t, hiUML vs*fsnvucet * fimwc itiiixi niiTiiir'< ii>ig«a 
•--'.'Ä» tff liit i e *^i ! mii in. jmmcui ir kl mxxBT rciinr "tt "d* inü 
<.»* **^«rL i5 "liit annunuA biiuil:^ cukicS' '£iif- aDüdiiB iBzcr^-oniAr 

r^mjtnrt- iiL QuntiL 'üefc wizi iemrcvmdF nf iwishduiii -J ^^'^ 
<^' 15 ^Lrtr ivrwiTihsM- TTTtönaed i^ aiiminiiiB "wi* "wiäift. «n* 

vtf . »11«. ^ut zru^.imoL. ohbiiS^ n hl m iPÄSei-c»» in 1 or - 
<x?o;ä ^ l-;i ä?v»'i-j*.rjt fccic- "»Tii »dfeinK nf i drryf rf w%s&, 

«e« J^dd ^AvUä^jti «f mijj»h»te rf jvotPiide «f imi to a partäcai 
^A t}j* ->ri;E3iuü iioi!*it>.«L Tbe fonnKkin of a feie blad: pred- 
fß'iUtUi i» jjudl'jütjT« <jf t2ke jveaeiiof of ooldl To ivmoiY tH 
4ouU IUI V> tLe iiat^u^ of tLe pirecrpiiax«. cxpotr it to tbe flame 
of Um; UowjM{^r/r Ust tbeormnal sohitiaii whh protodilonde 

ß. AM ^iUjTvä^ «f potaanam and akoliol to a portion of 
Um; '^giiuJ Kolotktt ; tbe formadon of a Tdlow orstalliDe 
|^«cif/iUtU; M iridioatire of the presenoe of PLATiyriL To 
rtftnfßvis alJ d//tj(/t^ h«at tbe precipitate to ledne» (§ 127). 
3, M ix a toiiMfJI iftfrütm of Uie original Solution witb diloride of 56 
hrnmouimiif^ üAtl rnntnonim Ut alkaline ruiction, and tben, no matter 
¥fUtiiU»tr ttm laitf^ reumsut Yian jirodaced a precipitate or not, a little 
i^iil|/liid<« trf artimoniurij, and apply beat, if a precipitate fidls to separate 
In tli4 tiitUl M 

a, No PKi^;rpJTATK i« fobmed ; pasa on to (62) ; for iron, cobalt, 
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Th« ttUUMt$ itf Aninionf um 1« uimkI for the purpofe of preventiDg tbe predpitation 
l/y «iiiiiii;fiU <^ Miy nuKTiVM^ wlibh migbt be preeent» 
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nicke], maDganese, zinc, diromiam, alamina, and silicic acid, are not 
pre^ent. 

b. A PBECIPITATE IS FOBHED. 

a. The precipüate ia bhck : protoxide of iron, nickel, or 57 
cobalt Mix a portion of the original Solution with some 
Solution of potassa or soda. 

aa, A dirty greenish-white precipitate is formed, which 
soon changes to reddish-brown upon exposure to the air : prot- 
oxide OF IKON. To remove all doubt, test with femcyanide 
of potassium (§ 110). 

bb, A precipitate of a light greenish tint is produced, which 
does not change color : Nickel. The reaction with ammonia, 
and the precipitation of the ammoniacal Solution bj potassa or 
soda, will afford positive certainty on the point (§ 108). 

cc, A sky-b]ue precipitate is formed, which tums to a light- 
red upon boiling, or is discolored and acquires a dark tint : 
COBALT. The blowpipe is resorted to as a conclusive test 
(§ 109). 
ß. Tlie precipitate is not block, 58 

aa, If the precipitate is distinctly flesh-colored, it con- 
sists of sulphide of manganese, and is consequently indica- 
tive of the presence of protoxide of manoanese. To reraove 
all doubt, add soda to the original Solution, or try before the 
blowpipe (§ 107). 

bb. If the precipitate is bluish-green, it consists of hydrated 
sesquioxide of chroroium, and is consequently indicative of the 
presence of sesquioxide of chromium. To dispel all doubt, 
test the original Solution with soda, and apply the blow- 
pipe tests (§ 102). 

cc. If the precipitate is white, it may consist of hydrate 59 
of aluroina, or hydrate of silicic acid, or sulphide of zinc, 
and may accordingly point to the presence of either alu- 
mina or oxide of zinc or silicic acid ; the latter, in that case, 
is generally contained in the original Solution as an alkaline 
Silicate. To distinguish between these three bodies, add to a 
portion of the original Solution a drop of Solution of soda, and 
wait to see whether this produces a precipitate ; then add some 
more Solution of soda until the precipitate formed is re- 
dissolved. 

aa. If Solution of soda falls to produce a precipitate, 60 
there is reason to test for silicic acid. For that 
purpose evaporate a portion of the original Solution 
with hydrochloric acid to dryness, and treat the residue with 
hydrochloric acid and water (§ 150, 2), when the silicic acid 
will be left undissolved. Determine the nature of the alkali 
which has been dissolved, as directed (66)> 

ßß, If Solution of soda produces a precipitate, which re- 
dissolves in an excess of the precipitant, add to a portion of 
this alkaline fluid a Solution of hydrosulphuric acid ; tbe for- 
mation of a white precipitate indicates the presence of ziNa 
The reaction with Solution of nitrate of protoxide of cobalt 
before the blowpipe will afford conclusive proof (§ 106). If 
hydrosulphurio acid falls to produce a x»recipitate, add to 



218 A.OTÜAL BXAMINATION, 

the remaining portion of the alkaline fluid cMorideof ammo- 
lüiim, and apply heat. The formation of a white precipiute 
indicates the preseace of alumika. The reaction with 
Solution of nitrate of protoxide of cobalt before the blowpipe 
will afford conclusive proof (§ 101). 

Note to (58) and (59). 

As very slight contaminations may impair the distinctneas of the 
tints exhibited by the precipitates considered in (58) and (59)> it is advis- 
able, in all cases where the least impurity is suspected, to adopt the 
following method for the detection of manganese, chroniium, zinc, 
alumina, and silicic acid. 

Add Rolution of soda to a portion of the original Solution, first 61 
in small quantity, then in excess. 

oa. No precipitcUe is/ormed: siucic acid may be aasamed 
to be present ; proceed as directed (60)* 

hb, A whitiah predjntcUe is formed^ which does not redissolve 
in an excess of the precipitant, and speedily turns blackisb-brown 
upon exposure to the air : manoak£S£. The blowpipe is re- 
sorted to as a conclusive test (§ 107). 

cc. A precipüate is formedf which redissolyes in an excess of 
the precipitant : sesquioxide of chromiuh, alukika, oxibe of 

ZINC. 

aa. Add hydrosulphuric acid water to a portion of the 
alkaline Solution. The formation of a white preeipitate indi- 
cates the presence of ziNa 

ßß. If the original or the alkaline Solution is green, and if the 
preeipitate produoed by soda and redissolved by an excess of the 
precipitant was of a bluish color, besquioxidk of chromium is 
present. To remove all doubt, heat the alkaline Solution to boil* 
ing, or try the reaction before the blowpipe (§ 102). 

yy. Add Chloride of ammonium to the alkaline Solution. The 
formation ofa white preeipitate indicates the presence of ALUimrA. 
The reaction with Solution of nitrate of protoxide of cobalt 
before the blowpipe will afford conclusive proof (§ 101). 
4. Add to a portion of the original Solution chloride of ammonium 62 
and carbonate of ammonia, mixed with some caustic ammonia, and 
heat gently. 

a, No PRECiPiTATE IS FORMED : abseuce of baryta, strontia» 
and lime. Pass on to (64)- 

6. A PRECIPITATE 18 FORHED : preseuce of baryta, strontia» 63 
or lime. 

Add Solution of sulphate of lime in sufficient quantity to a 
portion of the original Solution. 

a. The Solution does not become turbid, not even q/ler ihe tapse 
of/romßve to ten minutes : lime. To remove all doubt, test with 
Oxalate of ammonia (§ 97). 

ß. The solvlion becomes turbid, biU ordy after the tapse qf some 
time : strontia. It is only in neutral or, at least, but slightly 
acid Solutions that the reaction is sure to make its appearanoe. 
The flame-coloration is resorted to as a conclusive test ($96. 
6or7: ^' 




ACTUAL EXAMINATIOX. 219 

y. Ä precipUcUe ia immedicUely /ormed : baryta. To re- 
move all doubt, test with hydrofluosillcic acid (§ 95). 

5. Mix that portion of the solutiou of 4 in which carbonate of 64 
amiDonia has, after previons addition of chloride of ammonium, faiied 

to produce a precipitate (62)> ^ith phosphate of soda, add some more 
ammonia, and rub the sides of the vessel with a glass rod. 

a. No PRECIPITATE IS FORM ED : absenoo of magnesia. Pass ou 

to (65). 

6. A CRTSTALLINE PRECIPITATE IS FORICED : MAGNESIA. 

6. Evaporate a drop of the original Solution on perfectly clean 65 
platinum-foil as slowly as possible, and gentlj ignite the residue. 

O. ThERE IS NO FIXED RESIDUE LEFT. Test for AMMONIA, 

by ad ding to the original Solution hydrate of lime, and observing the 
odor and reaction of the escaping gas, and the fumes whioh it 
forms with acetic acid (§91). 

b. There IS A FIXED RESIDUE LEFT : potassa or soda. Add 66 
bichloride of platinum to a portion of the original Solution, 
having first concentrated it by evaporation if dilute, and shake 

the mixture. 

cu Ao precipitate is/ormed, not even öfter the lapse of ten or 
fifleen mintUea : soda. The flame coloration is selected as a con- 
clusive test, or the reaction with antimonate of potassa is resorted 
to for the purpose (§90). 

ß, Ä yeUow cry stalline pi^dpitcUe ia formed : potassa. The 
reaction with tartaric acid or the flame coloration is selected as a 
conclusive test (§ 89). 

Simple Compownda. 

A. SUBSTANCES SOLUBLE IN WaTER. DeTECTION OF THE AciD. 

I. Detection oflnorgcmic Acida. 

§ 183. 

Reflect in the first place whick of the inorganic acidsform soluble Com- 
pounds with the detected base (compare Appendix IV.), and bear this in 
mind in your subsequeiit Operations, giving due regard also to the 
result of the prelimiuary examination. 

1. Arsenious acid and arsenic acid have already been consi- 67 
dered in the preceding paragraph (detection of the base). These two 
acids are distinguished from each other by their respective reaction 
with nitrate of silver^ or with potassa and sulphate of copper 
(see § 134, 9). 

2. The presence of carbonic acid, htdrosulfhuric acid, and 68 
CHROMic ACID, is also indicated already in the course of the process 
pursued for the detection of the bases. The two former betray their 
presence by effervescing upon the addition of hydrochloric acid ; they may 
be distinguished from one another by the smelL Should additional proof 
be required, the presence of carbonic acid may be ascertained beyond a 
doubt by the reaction with lime-water (see § 149), and that of hydrosul- 
phuric acid by the reaction with Solution of acetate of lead (§ 156). The 
presence of chromic acid is invariably indicated by the yellow or red tint 
of the Solution, as well as by the transition of the red or yellow color to 
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pw^T^T^^Ctt, f -Knie U ct^istzm £ccrakBt ai>d gc^tfoKWL 

««il ft&«^ eoocwaKTe pnwf üf tLe |gtJ<aoe of axilic add : tlie 
r«sk/:^A <m ^«m ^eiefing; of üie preaenoe of floonike (§ 146). 
Tß, A'^A:U « fjnsih |<«tiOD of t£e or^^izttl aciiitioQ vith nitzic add, 73 
fti*/i Ji/id nfAnxJum of nitfmte of »Irer. 

a. Tut ru:iD moulIms gleajl TIds is a proof (^ tbe absenoe 
//f cfjP/fifj«, bromioe, iodioe, ferrr^ra&ogeii, and fenicjanogen ; the 
a^xM^c^ of cjanogeo (in simple cjanides) is also piobable. Of the 
^AuhU: DMrtaJiic cja&idea, crauide of mercmy is not precipitated bjr 
liitrat« of silver ; ii^ tberefore, in tbe analrtical procesB for the de- 
ittriitm of tbe base% merciirj has been foand, Cyanide of mercarjr 
utsij be present For tbe manoer of detecting the cjanogen in tbe 
laturr See { 155, 8. Pass on to (76). 

L A FKiS^;iPITATE 18 FORM ED. 

o* 77i« jyrecijnjUUe is orange : FERRiCTAsrOGEsr. The reacCion 74 
with sulphate of protoxide of iron is resorted to as a ood- 
iirfjiatoiy test ^f 155, Supplement). 

ß. The jitreeijntaU is white or yeUowish-iohiU, Treat the pre- 
citiitiite with ammonia in excess — immediately, if the base was an 
filKali or an alkaline earth — afier filtering and washing, if the 
huw was an earth proper or the oxide of a heavy metal. 

an, The precipitate is not dissolved : iodikk or fkrbo- 

CVANOORN. In the former case the precipitate is pale yellow, 

in tlia latter white and gelatinous» The reaction with starch 
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and hyponitric acid (§ 154) will aiford conclusive proof of the 
preseuce of iodine, the reaction with aesquichloride of irou 
of the presence of ferrocyanogen (§ 155, Supplement). 

ßß, The precipitate is dissolved : ohlorine, bromine, or 75 
CYAKOOEN. If the original substance smells of hydrocyauic 
acid, and the silver precipitate dissolves with some diffi- 
culty in the ammonia, the precipitate may be assumed to con<- 
sist of Cyanide of silver, and, conseqaently, to indicate the 
presence of ctanooen. To remove all doubt on the point, add 
to the original Solution sulphate of protoxide of iron, Solution 
of soda, and hydrochloric acid (§ 155). If addition of chlorine- 
water imparts a yellow tint to the original Solution, the preci- 
pitate may be held to consist of bromide of silver, and conse- 
quently indicates the presence of bromine ; if the bromine is 
präsent only in very small proportion, Chloroform or bisulphide 
of carbon must be used in conjunction with chlorine- water to 
make the reaction distinctly apparent (§ 153). In the proved 
absence of both bromine and cyanogen the precipitate consists 
of Chloride of silver^ and consequently shows the presence 

of OHLORINE. 

6. Add to a small portion of the aqueous Solution hydrochloric 76 
acid, drop by drop, until a di»tinct acid reaction is just imparted to 

the fluid, then dip in a slip of turmeric-paper, take it out, and dry 
it at 212*" F. If the dipped portion looks brownish-red, boracio acid is 
^resent. To settle all doubt on the point, add sulphuric acid and 
alcohol, and set fire to the latter (§ 144). 

7. With regard to nitrio acid and chloric acid, these are 77 
Tisually discovered already in the course of the preliminary ezami- 
nation (6)- The reaction with sulphate of protoxide of iron and 
sulphuric acid (§ 159) will aflbrd conclusive evidence of the presence of 
the former, treatment of the solid salt with ooncentrated sulphuric acid, 
of the presence of the latter acid (§ 160). 

Simple Campounda, 
A. Substakces solijblb in Wateb. Detection of THE Acid. 

IL Detedion of Organic Acida. 
§ 184. 

Consider, in the first place, which of the organic acids form soluble 
Compounds with the detected base (Compare Appendix IV.), and bear 
this in mind in' your subsequent Operations, giving due regard also to the 
results of the preliminary examination. 

The foUowing course of proceeding presupposes the organic acid to be 
present in the free State, or in combination Vith an alkieJi or an alkaline 
earth. If the detected base belongs to another group, therefore, it must 
first be removed. Where the base belongs to group V. or group VL 
the removal is eflected by means of hydrosulphuric acid, where it belongs 
to group lY., by means of sulphide of ammonium. After filtering off 
the sulphides, and removing the excess of sulphide of ammonium by 
aoidifying with hydrochloric acid, heating, and filtering off the eliminated 
solphur^ proceed to (78)- Where the basis is alamina or sesquiozide of 
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cbromium, try first to predpitate tbese snbetances by boüing witli car- 
booate of soda ; shoald this üa\, as it will where the acid is non-Tolatile^ 
)>recipitate the latter witb neutral acetate of lead, wash the precipitate, 
cHfTuse it throogh water, ooDduct hydrosulphuric aoid into the water in 
which the precipitate is suspended, filter off the sulphide of lead formed, 
and treat the filtrate as directed below. — Alnmina maj also be precipi- 
tated from its componnds with non-volatile organic acids by Solution 
of Holuble glassy as Silicate of alumina. 

1. Add ammonia to a portion of the aqueous Solution of the 78 
Compound under examioation to slight alkaJine reaction, then Chlo- 
ride of calcium. If the Solution was neutral, or only slightly acid, 
add Chloride of ammonium before adding the chloride of calcium. 

O. No PRECIPITATE IS FORMED, NOT EVEN AFTER BB.AX1KQ THE 
FLUID NOR AFTER THE LAPSE OF A FEW KINUTES : absonoe of 

oxalic acid and tartaric acid. Pass on to (80)* 

b. A PRECIPITATE IS FORMED. Add lime-water in excess 79 
to a fresh portion of the original Solution, and add Solution 
of chloride of ammonium to the precipitate formed. 

a. The precipUaU redissolves : tartaric acid. The reaction 

with acetate of potassa may be resorted to as a confirmatory test ; 

but a still more positive proof will be afforded by the deportment 

which the precipitate produced by the chloride of calcium, and 

properly washed, exhibits with Solution of soda or with ammonia 

and nitrate of silver (§ 1 63). 

ß, The precipitate doea not redissolve : oxalic acid. To 

remove all doubt, try the reaction with concentrated sid- 

phuric acid (§ 145). 

2. Heat the fluid of 1, a, to boiling, keep at that temperature for 80 
8ome time, and add some more ammonia to the boiling fluid. 

a. It kemains clear : absence of citric acid. Pass on to 

(81). 

b. It becomes türbid, and Deposits a precipitate : citric acid. 

To remove all doubt as to the nature of the acid, add Solution of 
acetate of lead in excess, wash the precipitate formed, and see 
whether it dissolves readily in ammonia (§ 164). 

3. Mix the fluid of 2, o, with alcohol 3X 

a. It REMAINS clear : absence of malic acid. Pass on to 

(82). 

b. A precipitate is forhed ; mauc acid. To remove all doubt, 
it is invariably necessary to try the reaction with acetate of lead, 
to see whether the precipitate produced by that reagent dissolves 
with difficulty in ammonia, and to examine its deportment 
when the fluid in which it is suspended \a heated to boiling 

(§ 165). 

4. Neutralize a portion of^the original Solution completely (if not 82 
already absolutely neutral) with ammonia or with hydrochlorio 
acid, and add Solution of sesquichloride of iron. 

a. A BULKY precipitate FORMS, of A CINNAMON BROWN, OR 

dirty yellow color. Wash the precipitate, heat it with ammonia, 
filter, strongly concen träte the filtrate by evaporation, divido into 
two parts, and add to the one eome hydrochloric acid, to the other 
alcohol and chloride of barium. The formation of a precipitate in 
the first portion indicates the presence of benzoic acid, a precipi- 
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täte in the second denotes the presenoe of succiKic aoid. 
Compare § 168 aud § 169. 
b. The liquid acquibes a rather intense derp red tint, 83 

AND, UPON PROTBACTED BOIUNO, A LIGHT REDDISH-BROWN 

precipitate SEPARATES : acetic acid or formio acid. Heat a 
portioQ of the solid salt under examinatioD or, if the substance is 
in the fluid State, of the residue lefl upon evaporatiug the fluid 
(which, if acid, you must neutralize first with soda), with sulphuric 
acid and alcohol (§ 171). The characteristic odor of acetic ether 
indicates the presence of acetic acid. 

If you do not detect acetic acid in the fluid, you may conclude 
that the substance under examination contains forhio acid : to 
remove all doubt, try the reactions with nitrate of silver and Chlo- 
ride of mercury (§ 172). 

Simple Compounds. 

B. SaBSTANCES IN80LUBLE OB SPARINGLY 80LÜBLB IN WaTEB, BÜT 
80LUBLE IN HtDBOCHLORIC AcID, NlTRIC AciD, OR KiTRO-HYDRO- 
CHLORIG ACID. 

Detection of the Base,* 

§ 185. 

Dilute a portion of the Solution in hydrochloric acid, nitric acid, 84 
or nitro-hydrochloric acid with water,t and proceed as directed § 182, 
beginning at (46)> ^^ cases where the substauoe is dissolved in nitric 
acid, and at 2, (50)y if the Solution already contains hydrochloric acid« 

This course will answer for bases of the second, ßßh, and sixth groups, 
but in testing for bases of the third And fourth groups, with sulphide of 
ammonium, according to (56)) the usual course of proceeding is under the 
circumstances departed from. Particular regard must be had in this to 
the foUowing observations : we have seen (59)» that if in cases where 
we have a substance solcjble in water we obtain, in the course of 
the examination, a white precipitate upon addiug chloride of ammo- 
nium, ammonia, and sulphide of ammonium, this precipitate can consist 
only of SULPHIDE op ziNC, or alumina, or hydrate op silicic acid. 
But the case is diflerent if the body is insoluble in wateb, but dissolves 
iß hydrochloric acid ; for in that case a white precipitate produced by 
ammonia, in presence of chloride of ammonium, may consist also of 

PHOSPHATES, BORATES, OXALATES, SILICATES OF THE ALKAUNE BARTHS, 

or of FLUORIDES OF THEIR METALS, since all these bodies are insoluble 
in water, but dissolve in hydrochloric acid, and (being only very sparingly 
soluble also in Solution of chloride of ammonium) accordingly separate 
agaiu upon neutralization of that acid. If, therefore, a white precipi- 
tate is produced upon testing an acid Solution, under the circumstances 
stated, and. in pursuing the course laid down in § 182, (56)» pi^o- 
ceed as follows : — 

1. If the results of the preliminary examination have given you 85 

* Kegard is alao had here to certain salts of the alkaline eartlis, as this course of 
examination leads directly to their detection. 

"f If upon the addition of water the liquid becomes white and turbid or deposits a 
white precipitate, this indicates the presence of antimony or bismuth, pouibly also of tin* 
Compare § 121, 9, and § 181, 4. Heat with hydrochloric acid until the fluid has become 
daar again, then pass on to (50)> 
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rtfUßj^m i/t i»4i«|Mxi tbe preae&ce of miac acid (20)« evmpmte a 
^Hrtüffit *A t)j^ hydruchUßric »cid »olutioD to dirntaiBy mouten tbe 
^mMum with Uy4rot:hionc «cid and add water. If ailicic acid ia pi^seiit, 
ii will nihiuH uridiiAolved. Determine the base in ihe aolation as 
iJ{rM<;(4y| <56^ **^ (62)f M tha caae maj be. 

Hf^ Aiid i«/ a \ntr\MiU cf the original hjdrochloric add aolntiaii 86 
ai/liM turinrUi mauif aud afler thLi ammoDia io exoeasL 

a, No FidtMAVSKT PBECiPiTATE 18 FOBMED : abaenoe of the 
n\MfVt$ #iiurn«nmtod tialU of the alkaline earth& Mix another portion 
f/f iUt* original Holutiori with soliitioD of soda in exceas, and add to 
ihn iiiiM half of thi) olear fluid chloride of amnionium, to the other 
half iMiluUoii of hydroKulphnrio acid. The formation of a preci- 

IiUhU» in ili« fornior indicates the preseDce of ajlumina ; in the 
liUMV, tlm pl'WNOIKM) of ZIKC. 

A. A t'KUMANicNT niRciPiTATE 18 FOBMED : presence of a salt 
nf au »ilkaliu« ««trlh. 

II. Hring A Munple of tho original substance, on a watoh* 87 
jlaNN, lii nontüot with a little binoxide of manganese, a few- 
iiriiiiM of WAtor, aud lome concentrated sulphuric add. If 
nvtilutloii of mrimnio aoid gas takes place instantly, the aalt is an 
«11^ AI. ATM. T(^ Und tho ba«e, ignite a fresh samploy disaolTe the 
iVMttbu« in dilutf» hydixH'hlorio acid, and examine the Solution 
M dim>(«Hl (62)« 

(i, Add (o a )H>rtion of the hydrochloric acid aolation 88 
Mmnn\nia untU a pr<H^ipitate fornis; then acetic acid nntil 
l)\lii l« iHsli»»\h'tHl ; la«tly, aoetate of soda and a drop of 
ih\In«(\«M) (^f iMvii|niohh^di^ of iron : the formation of a white 
rt\HV\Of^n* pi^vij\iUto indicmt«!« the presence of phosphoeic aciu 
Add no>K m\n\«« nuMV S(>$qnichloride of iron until the fluid has 
«^\S^vi\\>s( a di»l4not nsl <^^U^r« KmI, Alter boiling, and test the 
(\b\>i^ti\ >^hu^h U w^Nw t\Y^ fK\m phopphoric acid, for the alkaline 
^vi^Uh »\tK >i^hu^h th<^ i%V>«)^h«>no aoid was combined, as directed 
\lSA\ ^i^^'' Käx uv^ pivx xow^Y rNttovwi, bj predpitatioii with 
a^H^«s^\^^^<V tW u\M\ >fc h>%>h nvi^ jvsMKhr have been diasolTed. 

\> 1\m»^ t^N^' vnx\\«^x\K bx b<«^ÜY)^ a portkn of ihe original 89 
n>H\N*i<s>^>N\ ^^\ N>«' ib^^ )>^>N^)vtait>^ ^^3v»dti«d ix« the hT-drodüoric 
A^^^ »^N)^t>>N^ V> *w^ws>*;>a.%iTii $iulTi4:iBric acad (f 14^). After 
HN^^N^A-^) >\( tV^' dtiN'^n^iA. a;^>rTt:iu): t^ naiaor^ of tke alkafine eaitii 
>N Kh>^V \>n\^ Vaw vs''^ i^« t<br nwfr^ww i£ OMcbiaaSMi wisk aalplianc 
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Simple CompoundSm 

B. SüBSTANCES IN80LUBLE OB SPABINGLY 80LUBLE IN WaTEB, BüT 
SOLUBLE IN HtD&OCHLOBIO AcID^ NiTBIC AcID^ OB KlTHO-HTDBO- 
OHLOBIC ACID. 

DETECnON OF THE AOID. 

I. Detection qf Inorganic Äcids, 
§ 186. 

1. Chlobtc ACiD cannot be present, since all chlorates are 90 
soluble in water ; nitbic acid, wkich may be present in form of a 
basic Salt; must have been revealed alreadj bj the ignition of the 
bodj in a glass tube, and so must ctanooen (8). -For the analvsis 
of the insoluble metallic ctanides insoluble in water see § 204. The 
results of the test with phosphate of soda and ammonia will have 
directed attention to the presence of siLicic acid. Evaporation of the 
hydrochloric acid Solution to dryness, and treatment of the residue 
with hydrochloric acid and water, will remove all doubt on this 
point. 

2. The course of examination laid down for the detection of 91 
the bases leads likewise to that of absenious and absenic acids, 

CABBONIC ACID, HYDROSULPHUBIO ACID, and CHROMIC ACID. With 

regard to the latter acid, I repeat tliat its presence is indicated by the 
yellow er red color of the Compound, the evolntion of chlorine which 
ensues upou boiling with hydrochloric acid, and the subsequent presence 
of sesquioxide of chromium in the Solution. Fusion of the Compound 
under examination with carbonate of soda is^ however, the most 
conclusive test for chromic acid (§ 138). 

3. Boii a portion of the substance with nitric acid. 92 

a. If nitric oxide gas is evolved, and sulphur separates, 
this is confirmative of the presence of a metallic sulphide. 

b. If violet vapors escape, the Compound is a metallic iodide. 

c. If reddish-brown fumes of a chlorine-like smell are 
evolved, the Compound is a metallic bbomide, in which case 
the fumes will color starch yellow (§ 153). 

4. Dilute a small portion of the nitric acid Solution — or of the 93< 
filti-ate of this soluüon, should the nitric acid have left an undis- 
solved residue — with water, and add Solution of nitrate of silver to 

the fluid. The formation of a white precipitate, which, afber wash- 
ing, is soluble in ammonia, and fuses without decomposition when 
heated, indicates the presence of ohlorine. 

5. Boil a portion of the substance with hydrochloric acid, filter if 94 
necessary, dilute with water, and add chloride of barium. The for- 
mation of a white precipitate, which does not redissolve even upon 
addition of a large quantity of water, indicates the presence of SUL- 

PHUBIC ACID. 

6. Test for bobacic acid as directed § 144, 6. 

7. If none of the acids enumeratod firom 1 to 6 are present, there 95 
is reason to suspect the presence of phosphobio acid, oxalic acid, 

or fluorine, or the total absence of acids. To the pi'esence of oxalic 
acid your attention will have been called already in the course of the 
preliminary examination (8)* If the acids named had been combined 
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with an alkaline earth, tbey would already have been detected in the 
conne of the examination for ihese bases (87) ^ (89) i thej need there- 
fore here be tetfted for only where the examination has revealed the 
presence of some other base. To that end precipitate the base, if bdong- 
ing to Group V. or VL, with hydrosulphuric acid, or if belonging to 
Group lY.y with sulphide of ammonium, and filter. If you have preci- 
pitated with sulphide of ammoniura, add to the filtrate hjdrochloric acid 
to acid reaction^ expel in either case the hydrosulphuric acid by boiling, 
and filter if necesaary. Test a portion of this Solution for phosphoric 
aeid, oxalic acid, and fluorine, as directed (70)* If the basis was alumina 
or sesquioxide of chromium, test for phosphoric acid with solutipn of 
molybdate of ammonia in nitric acid (§ 142, 10) ; for oxalic acid with 
binoxide of manganese and sulphuric acid (§ 145) ; for fluorine with sol- 
phuric acid (§ 146). 

Simple Compounds. 

B. SUBSTANCES INSOLUBLB OR 8PARINGLT SOLÜBLE IN WaTEB, BUT 

80LUBLB IN AciDS. 

DETECnON OF THE ACID. 

IL DeUction of Organic Äcids, 

§ 187. 

1. FoRinc ACID cannot be present^ as all the formates are soluble 96 
in water. 

2. AcETio ACID has been revealed already in the course of the 
preliminary examination, by the evolution of acetone. The re- 
action with sulphuric acid and alcohol (§ 171) will aflbrd conclutdve 
proof 

3. Boil a portion of the substance for some time with Solution of 97 
carbonate of soda in excess, and filter hot. You have now, in most 
cases, the organic acid in Solution in combination with soda. Aci- 
dulate the Solution slightly with hydrochloric acid, expel the carbonic 
acid by heat,and test as directed § 184. With bases of the fourth group 
and also in presence of oxide of lead, this mode of Separation is not com- 
pletely successful. In exceptional cases of the kind add to the filtrate, 
afber boiling with carbonate of soda, sulphide of ammonium until the 
whole of the metallic oxide is thrown down. 

Simple Compounds, 

C. SUBSTANCES INSOLUBLE OR SPARINOLY SOLÜBLE IN WaTER, HyDRO- 

OHLORic Acid, Nitric Acid, and Kitro-hydrochloric Acid. 

DETECTION OF THE BASE AND THE ACID. 

§188. 

TJnder this head we have to consider here sülphate of baryta, 98 

8ÜLPHATE OF 8TR0NTIA, SÜLPHATE OF LIMB, FLUORIDE OP CALCIUM, 

8ILICA, SÜLPHATE op LEAD, Compounds of lead with chlorine and 
BROMiNE ; Compounds of silver with chlorine, brominb, iodine, aud 
cyanooen j and lastly sülphür and charcoal, as the only bodiea belong- 
ing to this class which are more firequently met witL For the simple 
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silii^tes I refer to § 205, for the ferro- and ferricjanides, to § 204. The 
preliminarj examination will have informed you whether you need paj 
any regard to the possible presence of these compoands. 

Sulphate of lime and chloride of lead are not altogether insoluble in 
water, and sulphate of lead m&y be dissolved in hydrochloric acid. 
However, as these Compounds are so sparingly soluble that complete 
Solution of them is seldom effected, they are included here also among 
the class of insoluble substances, to insure their detection, should they 
have been overlooked in the course of the examination of the aqueous or 
acid Solution of the body to be analyzed. 

1. Free sulphur must have been detected already in the course of the 
preliminary examination. 

2. Charcoal is generally black ; it is insoluble in aqua regia ; put on 
platinum foil, with the blowpipe flame })laving upon the under side of 
the foil, it is always consumed ; by deßagration with nitrate of 
potassa it yields carbonato of potassa. 

3. Pour sulpliido of ammonium over a very small quantity of the 99 
substance under examination. 

a. It TURNS BLACK ; this indicates the presence of lead or a 
Salt of silver. 

a. Tfie hodyfuaed in tite glasa tube wUhout decompodtion (3) : 
chloride of lead, bromide of lead ; chloride of silver, bromide of 
silver, iodide of silver. Fuse one part of the Compound with 4 
parts of carbonate of soda and potassa in a small porcelain crucible, 
let cool, boil the residue with water, and test the filtrate for 
chlorinb, bromike, and iodine, as directed (73)* Bissolve the 
residue, which consists either of metallic silver or oxidb of lead, 
in nitric acid, and test the Solution as directed (46)* 

ß. T/ie body evolved cyanogen hy ignüion in the glasa tithe, and 
left metaUic silver behind : cta.nide of silver. 

y. T/ie body remained unallered by ignitian in tJte glass tube : 
sulphate of lead. Boil a sample of it with Solution of carbo- 
nate of soda, filter, acidulate the filtrate with hydrochloric acid, 
and test with chloride of barium for sulphurio acid ; dissolve 
the waahed residue in nitric acid, and test the Solution 
with hydrosulphuric acid and with sulphuric acid for lead. 

b. It rbmains white : absence of an oxide of a heavy metaL IQO 
Triturate a small sample together with quartz sand, meisten 

the mixture on a watch-glass with a few drops of conoentrated 

sulphuric acid, and heat gently. 

cu White /umes are evolved^ which redden liimus paper, This 
indicates the presence of Fluoride of calciuic. Keduce a portion 
of the substance to a fine powder, decompose this in a platinum 
crucible with sulphuric acid, and try the reaction on glass (§ 146), 
to prove the presence of flu.orine j boil the residue with hydro- 
chloric acid, filter, neutralize the filtrate with ammonia^ and test 
for LIMB with Oxalate of ammonia. 

ß, No /umes reddening litmiis paper are evolved. Mix a portion 
of the very finely pulverized substance with 4 times the quantity of 
pure carbonate of soda and potassa, and fuse the mixture in a 
platinum crucible, or on platinum foil. Boil the fused mass 
with water, filter should a residue be left, and wash the latter. 
Acidulate a portion of the filtrate with hydrochloric acid, and 
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A« HvmTÄJfCEM mAJCwax, a Watex, asd also foai jls akx oaocnui 
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Oft NlTSO-HrDBOCBLOftlC AciA. 

Ikisdion o/iU Batm.f 

§1894 

(TreaimerU wUh UydroMorie Aeid : DfUdiom ofSünr^Smioxidt ^' 

Mercury [Lead^) 

The njvtemskite ooone for the detectiaii of the bsaes is eBeotiaDT 101 
the Mine for brxliefi soloble in water, as for those wbidi are cohible 
oolj in acidfl. Where. from the difierent natnre of the original 
M»lutioOy ft dffjiarture from the ordinarj coiirae is lendered neoe»- 
hArjf the fact will be distiDCtlj «tated. 

I- Solution dt Watol 
Mix the postiok ivtekded fob the DETEcnoir of the 

BAUES WITH 80ME HTDROCHLORIC ACID. 

1. The 80LUTI0V had ax acid or neutral reactiok pbetiouslt 102 

TO THE ADDITIOir OF THE HYDROCHLOBIC ACID. 

a. No PRECIPITATE 18 FORMCD ; thifl indicates the absenceof 
silver and suboxidc of mercury. PasB on to § 190. 

b. A PRECIPITATE 18 PORMED. Add more hydrochloric acid, drop 
by drop, until the precipitate ceases to mcrease ; then add abont six 
or eight drops more of hydrochloric acid, shake the mixtare, and 
filter. 

The precipitate produced by hydrochloric acid may conaist of 
Chloride of silver, subchloride of mercury, chloride of lead, a basic 

* I Ute this term bere and hereaftcr in the present work to designate Compounds in 
which all the more frequently occurring bases, acids, metals, and metalloids are «up- 
poaed to be present. 

t Conirult the exnlanationfl in the Third Section, with the Contents of which von 
»houki roake yourielf thorougbly acquainted firat, before proceeding further. Re^tnl 
in here had alHo to the presence of the acids of arsenic, and of those salts of the alkalioe 
earths whioh dissolre in hydrochloric acid, and separate again from that Solution un* 
ftlt«red upon neutralization of the acid by ammonia. 

t Coniult the remarks in the Third Section. 
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Salt of antimony, baaic chloride of bismuth, possiblj also of benzoic 
acid. The basic sali of antimony and the basic chloride of bismuthy 
however, redissolve in the excess of hydrochlorio acid ; consequenily, 
if the instructions given have been strictly foUowed, the precipitate 
coUected upon the iilter can conaist only of chloride of silver, sub- 
chloride of mercury, or chloride of lead^possibly also of benzoic 
acid, which, however, is altogether disregarded here), 

Wash the precipitate collected upon the filter twice with cold 
water, add the washings to the filtrate, and examine the Solution as 
directed § 190, even thongh the addition of the washings to the acid 
filtrate should produce turbidity in the fluid (which indicates the 
presence of Compounds of antimony or bismuth). 

Treat the twice- washed precipitate on the filter as follows : 103 

a. Pour hot water over it upon the filter, and test the 
fluid running off with sulphuric acid for lead. The nou- 
formation of a precipitate upon the addition of the sulphuric acid 
simply proves that the precipitate produced by hydrochlorio acid 
contains no lead, and does not by auy means establish the total 
absence of this metal, as hydrochlorio acid fails to precipitate lead 
from dilute Solutions. 

ß. Pour over the now thrice-washed precipitate upon the 
filter Solution of ammouia. If this changes its color to black 
or gray, it is a proof of the preseuce of suboxide of mercurt. 
y. Add to the ammoniacal fluid running off in ß nitric acid 
to strongly acid reaction. The formation of a white, curdy pre- 
cipitate indicates the presence of silver.* (If the precipitate did 
contain lead, the ammoniacal Solution generally appears turbid, 
owing to the Separation of a basic salt of lead. This, however, 
does not interfere with the testing for silver, since the basic salt 
of lead redissolves upon the addition of nitric acid.) 
2. The original aqueous Solution had an alkaline be- 

ACTION. 104 

a. The addition of hydrochlorio acid to strongly acid 

reaction fails to produce EVOLUTION OF GAS OR A PRE- 
CIPITATE, CR THE PRECIPITATE WHICH F0RM8 AT FIRST BEDI8* 
SOLYES UPON FURTHEB ADDITION OF HYDROCHLORIO ACID: pass 

on to § 190. 
h, The addition of hydrochlorio acid to the original 

SOLUTION PRODUCES A PRECIPITATE WHICH DOES NOT REDIS- 
SOLVE IN AN EXCESS OF THE PRECIPITANT, NOT EVEN UPON 
BOILING. 

CL The/ormcUiono/the predpitcUeücUUndedneiiliertDÜh 105 
evoliUion of hydromtphuric CKid nor of hydrocyanic acid. 
Filter, and treat the tiltrate as directed § 190. 

aoL The precipitate is white. It may, in that case, oon- 
sist of a salt of lead or silver, insoluble in water and hydro- 
chloric acid (chloride of lead, sulphate of lead, chloride 
OF silver, &c.), or it may be hydrate of silicic acid. Test 
for the bases and acids of these Compounds as directed § 203, 
bearing in mind that the chloride of lead or chloride of silver 

* If the quantity of nlver b oaly very small, its presence is indicated by opftlesoence 
of the fluid. 
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wbich may be preseut, may possiblj only liave been formed 
in the process. 

bb, The precipitate is yellow ob orange. In tbat case 
it roaj consist of sulphide of arsenic (and if tbe fluid 
from wbich it has separated was not boiled long, or only with 
very dilute bydrochlorio acid, also of sulphide of antimokt 
or BisuLPHiDE DP tin), which siibstances were originally dis- 
solved in solation of ammonia, potassa, soda, pbosphate of 
soda, or some other alkaline fluid, witb the exception of Solu- 
tions of alkaline sulphides and cyanides. Examine the preci- 
pitate, whicb may also contain hydrate of siucic acid^ 
as directed (40)« 

ß. Tfie/ormcUion o/the precipitate is atlended unlh evolu- 106 
tion ofhydro8ulphuric acid gas, but not ofhydrocyanic acid* 

aa. The precipitate is of a pure white color, and 
CONSISTS of sbparated sulphur. In tbat case a sulphuketted 
alkaline sulphide is present. Boil, Alter, and treat tbe filtrate 
as directed § 194, tbe precipitate as directed § 203/ 

bb. Tue precipitate is colored. In tbat case you may 
couclude that a metallic sulphur salt is present, i.e,, a com- 
bination of an alkaline sulphur base witb a metallic sulphur 
acid. The precipitate may accordingly consist of tersulphide 

OF QOLD, BISULPHIDE OF PLATINUM, BISULPHIDE OF TIN, SULPHIDE 

OF ARSENIC, or SULPHIDE OF ANTIMONY. It might, bowever, 
consist also of sulphide of mercury or of sulphide of copper 
or sulphide of nickel, or contain these substances, as the 
former will dissolve in sulphide of potassium, and tbe latttsr 
are sligbtly soluble in sulphide of ammouium. Filter^ and 
treat tbe tiltrate as directed § 194, the precipitate as 
directed (40)* 

y, T/ie/armation o/ the precipitate 18 atteiidedtüith evolU' 107 
tion of hydrocyanic acid, with or without aimultaneoua dis- 
engagemerU o/hydroaidphunc acid, This indicates the pre- 
seuce of an alkaline Cyanide, and, if the evolution of tbe 
bydrocyanic acid is attended witb tbat of bydrosulpburic acid, 
also of an alkaline sulphide. In tbat case the precipitate may, 
besides tbe Compounds enumerated in a and ß, contain many 
other substances {e.g.f Cyanide of nickel, Cyanide of silver, &0,), 
Boil, with furtber addition of bydrocbloric acid, or of nitric acid, 
until tbe whole of the bydrocyanic acid is expelled, and treat the 
Solution, or, if an undissolved residue has been left, tbe flltrate, 
as directed § 190 ; and tbe residue (if any) according to 
§203. 
c. The ADDITION OF hydrochloric acid fails to produce 108 

A permanent precipitate, but CAUSES EVOLUTION OF GAS. 

cu The eacajying gas smells of hydrosvlphuric axnd ; tbis 
indicates tbe presence of a simple alkaline sulphide. Prooeed 
as directed § 194. 

/3. The escaping gas is inodorous ; in tbat case it is carbonic 
ACID wbicb was oombined witb an alkalL Pass on to § 190. 

* Sbould the odor of tbe evolved gas leave any doubt regarding the actaal preieDce 
or abaence of hydrocyanic acid, add some Chromate of potaasa to a portion of the 
fluid, previously to the addition of the hydrochloric acid. 
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y. 7%6 escaping gas amells of hydrocyanic cbdd (no matter 
whether hjdrosulphuric acid or carbonic acid is evolved at the 
same time or not). This indicates tho presence of an alkalike 
CTANtDE. Boil until the whole of the hydrocyanic acid is ex- 
pelled, then pass on to § 190. 

IL Solution in Htdbochloric Acid ob in Kitrohtdrochlobic 

Acid. 

Proceed as directed § 190. 

IIL Solution in Nitbic Acid. 

Dilate a small sample of it with water ; shoald this produce 109 
turbidity or a predpitate (indicative of the presence of bismuth), 
add nitric acid until the fluid is clear again, then hydrochlorio acid. 

1. No PAECiPiTATE IS FORiCED. Absence of silver and suboxide of 
mercury. Treat the principal Solution as directed § 190. 

2. A PREOiPiTATE IS FORMED. Treat a larger portion of the nitrio 
acid Solution the same way as the sample, Alter, and examine the pre- 
cipitate as directed (103)> the tiltrate as directed § 190. 

§ 190.* 

{TreatmerU with Hydrosvlphuric Acid, FrecipitcUian of the MetaJUic 
Oxides of Group V,, 2nd Division, and of Group VI.) 

Add to a small portion op the clear acid Solution hydrosul- 

PHURIC acid water, UNTIL THE ODOR OF HYDROSULPHURIC ACID IS 
DISTINCTLY PERCCIPTIBLE AFTER SHAEINQ THE MIXTURE, AND 
WARM GENTLY. 

1. No PRECiPiTATE 18 FORMED, even afler the lapse of some HO 
time. Pass on to § 194, for lead, bismuth, cadmium, copper, ^ 
mercury, gold, platiuum, antimony, tiu, and arsenic,t are not 
pre»ent ;% the absence of sesquioxide of iron and of chromic 
acid is also indicated by this negative reaction. 

2. A PRECIPITATE IS FORMED. 

a. The precipUate is of a pure white color, light, and Hl 
finely pulverulent, and does not redissolve on addition of 
hydrocbloric acid. It consists of separated sulphur, and 
indicates the presence of sesquioxide of iron.§ None of the 

* Consult tbe remarks in the Third Section. 

t Where the preliminary examination has led you to sotpect the presence of anenio 
acid, you must endeavor to obtain the moet concfuaive evidence of the absence of this 
acid ; thia may be done by allowing the fluid to stand for some time at a gentle heat 
(about 158*" F.), or by heating it with sulphurous acid previoos to the addition of the 
hydrosulphuric acid. (Compare § 183, 8.) 

t In Solutions containing much free acid the preoipitates are freqoently formed only 
after dilution with water. 

§ Sulphur will precipitate also if sulphurous acid, or iodic acid, or bromic acid is prä- 
sent (which substances are not incladed in our analytical course), and also if chrcnnio 
acid, or chloric acid, or free chlorine is present^ In presenoe of chromic add the Sepa- 
ration of the sulphur is attended with reduotion of tihe acid to sesquioxide of chromium, 
in consequence of which the reddish-yellow oolor of the Solution changes to green. 
^Compare § 188.) The white sulphur suspended in the green Solution looki at first 
iike a green precipitateji which frequently tends to mislead beginnen. 
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oiber metals ennmerated in (110) can be preaenL Trott tlie 
principal solation as directed § 194. 

5. The preeipüate is colored, 

Add to the larger proportion of tbe acid or acidified 11!} 
Solution, best in a small flask, bydrosolpbnric add water 
in exoess, t.«., ontil the fluid sniells distinctly of it, and 
the precipitate oeases to increase upon oontinued addition ci tbe 
reagent ; apply a genile beat, sh^e Tigorously for some time, 
filter, keep the filtrate (wbich oontains tbe oxides present of 
Croups I. — IV.), for further examination acoordingto the instruc- 
tions of § 194, and thoroughly wasb* the precipitate, whicb oon- 
tains tbe sulphides of the metab present of Groups Y. and VL 
In many cases, and more particularly wbere there is any 

reason to suspect the presence of araeuic, it will be found more 

oonvenient to transmit bydrosulpburic acid gas througb the 

Solution DILUTED wiTH WATEB, iustead of adding hydro- 

sulphuric acid water. 

If the precipitate is yellow, it consists principally of sul- 113 
phide of arsenic, bisulpbide of tin, or sulphide of cadmium ; 
if orangecolored, this indicates sulphide of antimony ; if 
brown or black, one at least of the following oxides is present : 
oxide of lead, teroxide of bismuth, oxide of copper, oxide of 
mercury, teroxide of gold, binoxide of platinum, protoxide of tin. 
However, as a yellow precipitate may contain small particles of 
an orange-colored, a brown, or even a black precipitate, aud yet 
its color not be very perceptibly altered thereby, it will always 
prove the safent way to assume the presence of all the metals 
named in (110) ^ any precipitate produced by hydrosulphuric 
acid, and to proceed accordingly as the next paragraph (§191) 
directs. 

§191. 

{TredimerU of the FrecipiUUe prodwsed by Hydrosulphuric Acid wüh 
Sulphide of Ammonium; Separation of the 2nd Divinum of 
Group V. from Oroup VI.) 

InTRODUCE A small PORTION OF THE PRECIPITATE PRODUCED 114 
BT HTDROSULPHURIO ACID IK THE ACIDIFIED SOLUTION INTO A 
TE8T-TÜBE,t ADD A UTTLE WATER, AND FROM TEN TO TWENTY DROPS 
OF TELLOWISH SULPHIDE OF AMMONIUM, AND EXPOSE THE MIXTURE 
FOB A SHORT TIME TO A GENTLB HEAT.i^ 

* Gompare § 6. 

f If there is a somewhat lai^ precipitate, thia may be readily effected by means of a 
■mall spatala of platinum or hom ; bat if you have only a very trifliog precipitate, make 
a hole in tbe bottom of tbe filter, insert the perforated point into the moath of the test- 
tnbe, rinse the precipitate into tbe latter by means of the washing-bottle, wait untü the 
precipitate has subsided, and then decant the water. 

X If the Solution contains copper, whicb is generally revealed by tbe color of tbe fluid, 
and may be asoertMned positively by testing with a clean iron rod (see § 120, 10), use 
■olntlon of sulphide of sodium instead of sulphide of ammonium (in wbich sulphide of 
copper is not absolutely insoluble, see § 120, 5), and boU the mixture. But if tbe fluid« 
besides copper, contains also oxide of mercury (tbe presence of wbich is generally suffi- 
ciently indicated by the several changes of color exhibited by the precipitate forming 
npon the addition of the hydrosulphuric acid [§119, 3], and wbich, in doubtful cases, 
may be detected with positive certainty by testing a portion of the original Solution 
addifled with faydrochlorio acid with protochloride of tin), sulphide of ammonium 
must be uaed, although the Separation Jt tbe iulphidet of tbe antimony group from the 
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1. The precipitatb dissolves 6ompletely in sulphide op 115 
AMMONIUM (or sulphide OF SODIUM, as tho case may be) : absence 

of the metals of Group V.— cadmium, lead, bismuth, copper, 
mercury. Treat the remainder of the precipitate (of which you have 
digested a portioQ with sulphide of ammonium) as directed § 192. — If 
the precipitate produced by hydrosulphuric acid was so trifliug that you 
have used the whole of it in treatiug with sulphide of ammonium^ pre- 
cipitate the Solution obtained in that process by addition of hydro- 
chloric acid, filter, wash the precipitate, and treat it as directed § 1 92. 

2. The precipitatb is not redissolved^ or at least not 116 
completelt : presence of metals of Group V. 

Dilute with 4 or 5 parts of water, filter, and mix the 
filtrate with hydrochloric acid in slight excess. 

a. The fluid aimply tuma müky, otving to the Separation qfstdphur. 
Absence of the metals of Group VI. — gold, platinum, tin, anti- 
mony, and arsenic.* Treat the rest of the precipitate (of which 
you have digested a portion with sulphide of ammonium) 
according to the directions of § 1 93. 

b, Ä colored precipitate iaformed: presence of metals of 117 
Group VI. by the side of those of Group V. Treat the 
entire precipitate produced by hydrosulphuric acid the 
same as you have treated a portion of it, i.&, digest it with yellow 
sulphide of ammonium or, as the case may be, sulphide of sodium, 
let subside, pour the supemataut liquid on a filter, digest the 
residue in the tube once more with yellow sulphide of ammonium 
(or sulphide of sodium), and filter. Wash the residuet (con- 
taining the sulphides of Group V.), and treat it afterwards as 
directed § 193. Dilute the filtrate — which contains the metals of 
Group VI. in the form of sulphur salts — ^with water, add hydro- 
chloric acid to distinctly acid reaction, heat gently, filter the pre- 
cipitate formed — which contains the sulphides of the metals of 
Group VI. mixed with sulphur — wash thoroughly, and proceed 
as directed next paragraph (§ 192.) 

§192. 

{Detection ofthe MetdU of Group VI. : Äraenic, Äntimonj/, Tin, 

Gold, Flaiinurfh) 

If the precipitate consisting of the sulphides of Group VI. has a 118 
pure tellow color, this indicates principally arsenic and tin ; if 

sulphide of oopper is not fuUy effected in such cases ; sinoe, were sulphide of sodium 
used, the sulphide of mercury would dissolve in this reagent, which would impede the 
ulterior examination of the sulphides of the antimony group. 

^ That thb inference beconies unoertain if the precipitatb produced by hydrosulphuric 
acid, instead of being digested with a small quantity of sulphide of ammonium, has been 
treated with a krger quantity of that reagent, is self-evident ; for the Urge quantity 
of sulphur which separates in that case will of course completely conceal any slight 
traces of sulphide of arsenic or bisulphide of tin which may have been thrown down. 

f If the residue suspeoded in the fluid containing sulphide of ammonium, and inso- 
luble^therein, subsides readily, it is not transfeired to the filter, but washed in the tube by 
decantation. But if its subsidence proceeds slowly and with difficulty, it is transferred 
to the filter, and washed there ; a hole is then made in the bottom of the filter, and the 
residue rinsed into a small porcelain basin by means of a washing-bottle ; the application 
of a gentle-heat will now materially aid the subsidence of the residue, and the super- 
natant water may then be decanted. The sulphides are occasionally suspended in the 
fluid in a State of such mhiute division that the fluid cannot be filtered off clear. In 
cases of the kind lome ohloride of ammonium ahould be added to the fluid. 
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it ifl distinctly obange-yellow, antimony is sure to be present ; if it is 
BROWN or BLACK, this deuotes the presence of platinum or gold. 

Beyond these general indications the color of the precipitate affords 
210 safe guidance. It is therefore always advisable to test a yellow pre- 
cipitate also for antimoDy, gold, and platinum, since minute quantities 
of the sulphides of these metals are completely hid by a large quantity of 
bisulphide of tin or sulphide of arsenic Proceed accordingiy as follows : 

Heat a little of the precipitate on the lid of a porcelain crucible, 
or on a piece of porcelain or glass.* 

1. Conifiete volatüizatian ensues : probable presence of 119 
ARSENIC, absence of the other metals of Group VI. He- 
duction of a portion of the precipitate with Cyanide of 
potassium and carbonate of soda (§ 132, 12) t will afford positive 
proof of the presence or absence of arsenic. Whether that metal 
was present in the form of arsenious acid or in that of arsenic 

acid, may be ascertained by the methods described § 134, 9. 

2. A fixed residue ia lefi. In that case all the metals of 120 
Group VI. must be sought for. Dry the remainder of the 
precipitate thoroughly upon the filter, triturate it together 
with about 1 part of anhydrous carbonate of soda aud 1 part of 
iiitrate of soda, and transfer the mixture in small portions at a 
time to a little porcelain crucible, in which you have previously 
heated 2 parts of nitrate of soda to fusion.j; As soon as complete 
oxidation is effected, pour the mass out on a piece of porcelain. 

After cooling soak the fused mass (the portion still sticking to 
the inside of the crucible as well as the portion poured out on the 
porcelain) in cold water, filter from the insoluble residue — which will 
remain if the mass contained antimony, tin, gold, or platinum — and 
wash thoroughly with a mixture of about equal parts of water and 
aloohol. (The alcohol is added to preveut the Solution of the anti- 
monate of soda. The washings are not added to the filtrate.) 

The filtrate and the residue are now examined as follows : 

a. Ex AMINATION OP THE FILTRATE FOR ARSENIC (which 121 

must be present in it in the form of arsenate of soda). 
Add nitric acid to the fuid to distinct acid reaction,§ 

* That this preliminary examination may be omitted if the precipitate has any other 
oolor tban yellow, and that it can give a decisive result only if the Buiphur precipitate 
Bubiuitted to the test has been thoroughly washed, is self-evident. 

"t In caaes where the precipitate contains mach free sulphur, dissolve the sulphide 
of arsenic which may be present, by digestion in the ammonia, fiiter, evaporate the 
Solution, with addition of a small quantitv of carbonate of soda, to dryness, and heat 
the residue with Cyanide of potassium and carbonate of soda. 

t Should the amount of the precipitate be so minute that this Operation cannot be 
conveniently performed, cut the nlter, with the dried precipitate adhering to i^ iuto small 
pieces, triturate these together with sonie carbonate of soda and nitrate of soda, and pro- 

iect both the powder and the paper into the fusing nitrate of soda. It is preferablej 
iowever, in such cases, to procure at once, if practicable, a sufficiently large amount of 
the precipitate, as otherwise there will be but little hope of efifecting the positive detec* 
tion of all the metals of Group VI. Supposing all the metallic sulphides of the sixth 
group to have been present, the fused mass would consist of antimonate aud arsenate of 
soda, binoxide of tin, metallic gold and platinum, sulpbate, carbonate, nitrate, and some 
nitrite of soda. Compare also § 134, 1. 

§ In some cases where a somewhat larger proportion of carbonate of soda has been 
used, or a very streng heat applied, a trifling precipitate (hydi-ated binoxide of tin) may 
separate upon the acidification of the filtrate with nitric acid. This may be filtered off, 
and then treated in the same manner as the undiBsolved residue. 
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heat, to expd carbonio acid aod nitrous acid, then divide the 
fluid into two portions. Add to the one portion some nitrate of 
süver (not too little), filter (in case chloride of silver* or nitrite 
of silver should have separated), pour upon the fil träte, along the 
8ide of the tube held slanting, a layer of dilute Solution of 
ammonia — 2 parts of water to 1 part of Solution of ammonia 
— and let the mixture stand for some time without shakiug. 
The formation of a reddish-brown precipitate, which appears 
hovering cloud-like between the two layers (and maj be seen far 
more readilj and distinctlj hy reflected than hy transmitted 
light), denotes the presence of AKSENia 

If the arsenic is present in some quantitj, and the free nitrio 
acid of the Solution is exactly saturated with ammonia, the 
fluid being stirred during this process, the precipitate of arsenate 
of silver which forms imparts a brownish-red tint to the 
entire fluid. 

Add to the other portion of the acidified Solution, first 122 
ammonia, then a mixture of sulphate of magnesia and 
chloride of ammonium, and rub the sides of the vessel 
with a glass rod. A crjstalline precipitate of arsenate of 
magnesia and ammonia, which often forms ouly afber long 
Standing, and deposits the crystallino particles more particularly 
on the side of the vessel, shows the preseuce of arsenic. By way 
of conflrmation, the arsenic Compound may be reduced to the 
metallic State (compare § 132 and § 133). Whether the arsenic 
was present in the form of arsenious acid or in that of ar« 
senic acid, may be ascertained by the methods described 
§ 134, 9. 

b, EXAMINATION OF THE BESIDUE FOB ANTIMONY, TIN, 123 

GOLD, PLATiNUii. (As the autimony, if present in the 
residue, must exist as white pulverulent antimonate of 
soda, the tin as white flocculent biuoxide, the gold and platinum 
in the metallic State, the appearance of the residue is in icself iu- 
dicative of its nature.) Transfer the precipitate to the inverted 
lid of a platinum crucible, or to a small platinum dish, heat with 
hydrochloric acid, add a little water, and throw in a small com- 
pact lump of pure zinc (more particularly, free from lead), no 
matter whether the precipitate has completely dissolved or not 
in the hydrochloric acid. This Operation leaves the gold and 
platinum in the same State in which the fused mass contained 
them, viz., in the metallic state, to which the tin and antimony are 
now likewise reduced by the action of the zina The antimony 
reveals its presence at once, or after a short time, by blackening 
the platinum. As soon as the disengagcment of hydrogen has 
pretty nigh stopped, take out the lump of zlno, remove the Solu- 
tion of chloride of zinc by cautious decantation, treat the metals 
with hydrochloric acid, and test the Solution — ^which, if tin is 
present, must contain protochlorlde of tin — with chloride 
ofmercury (§ 129,8). 
After removing the tin by repeated boiling with hydro- 124 

* Chloride of silvor will teparaie if the reagents were not perfeotly pure, or the 
precipitate has not been thoroughly waahed. 
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chlorio acid, and all tbe hjdroclilorio acid' bj tborouglilj 
waahing with water, examine the insoluble residue (if one is left) 
as follows : Heat it in the platinum disb with some water, 
with addition of a few grains of tartaric acid, then add some 
nitric acid, and heat gentlj. If the residue dissolves com- 
pletely, no gold or platinum is present ; if a residue is left an- 
dissolved, you must test it for these metals. For this purpose 
remove the acid Solution (which maj be tested again for anti- 
HONT with hvdrosulphuric acid) bj decantation and washing, heat 
the residue, transferred to a i)orcelain diah, with a little aqua 
regia, evaporate the Solution until but little of it is left, and test 
this small remainder for gold and platikuü as directed § 128. 

§193. 

{peUction of the MetdUic Oxides of Group V., 2nd Division : — Ooside of 
Lead, Teroxide of BisrmUh, Oxide of Copper, Oxide qf Cadmium^ 
Oxide ofMercwry,) 

ThOROUQHLY WASH the PRECIPITATE WHIOH HAB NOT BEEN DIS- 125 
SOLVED BT SULPHIDE OF AMMONIUM, AND BOIL WITH NITRIC ACID. 

This Operation is performed best in a small porcelain dish : the 
boiling mass must be constantlj stirrcd with a glass rod during 
the process. A great excess of acid must be avoided. 

1. The PRECIPITATE DISSOLVES, AND THERE REMAINS FLOATING IN . 126 
THE FLUID ONLY THE 8EPARATED LIGHT FLOCCULENT AND YELLOW 

8ULPHUR; this indicates the absence of morcury. Cadmium, 
COPPER, LEAD, and BiBMUTH maj be present 

Filter the fluid from the separated sulphur, and treat the filtrate as 
follows (should there be too much nitric acid present, the greater part of 
this must first be driven off by evaporation) : add to a portion of the 
filtrate dilute sulphuric acid in moderate quantity, heat gently, 
and let the fluid stand some time. 

a, No PRECIPITATE FORMS j absence of lead. Mix the re- 127 
mainder of the filtrate with ammouia in excess, and gently heat. 

a. No precipUate isformed; absence of bismuth. If the 128 
liquid is blue, copper is presont ; very minute traces of 
copper, however, might be overlooked if the color of the 
ammoniated fluid alone were consultod. To be quite safe, and 
also to test for cadmium, evaporate the ammoniated Solution 
nearly to dryness, add a little acetic acid, and, if necessary, 
some water, and 

(la, Test a small portion of the flnid for copper with 129 
ferrocyanide of potassium. The formation of a reddish- 
bix)wn precipitate, or a light brownish-red turbidity, in- 
dicates the presence of copper (in the latter case only to 
a very trifling amount). 

66. Mix the remainder of the fluid with Solution of 130 
hydrosulphuric acid in excess. The formation of a yellow 
precipitate denotes cadmium. If, on account of the pre- 
sence of copper, the sulphide of cadmium cannot be distinctly 
recognised, allow the precipitate produced by the hydrosulphurio 
acid to subside, decant the supernatant fluid, and add to the 
precipitate Solution of Cyanide of potassiam until the sulphide 
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of copper is dissolved. If a jellow residae is left undis- 
solved, CADtfiüM is present ; in the contrarj case, not 
ß, Ä precipitcUe is formed, Bismuth is present. Filter 131 
tbe fluid, and test the filtrate for copper and cadminm as 
directed in (128)* ^o test the washed precipitate more 
fuDy for bismath, slightlj dry the filter containing it between 
blotting-paper, reraove the still rooist precipitate with a platinum 
spatula, dissolve on a watch-glass in the least possible quantity of 
hjdrochloric acid, and then add a proper quantity of water. The 
appearance of a milky turbidity confirms the presence of 
bismuth. 

h. A PRECIPITATE 18 FORMED. Presence of LEAD. Mix 132 

the whole of the nitric acid Solution in a porcelain dish with 
a sufficicnt quantity of dilute sulphnrio acid, evaporate on 
the water-bath until the nitric acid is expelled, dilute the residue 
with some water containing sulphuric acid, filter off at onoe the 
sulphate of lead lefl undissolved, and test the filtrate for bbmuth, 
copper, and cadraium, as directed in (127)«* Test the precipi- 
tate, after washing, by one of the methods described in § 123. 
2. The precipitate of the metaluc sulphides does not 133 
completelt dissolve in the boilino nitric acid, but leayes 
a residue, besides the light flake8 of 8ulphur that float 
IN THE FLUID. Probable presence of oxide of mercurt (which may 
be pronounced almost certain if the precipitate is heavy and black). 
Allow the precipitate to subside, filter off the fluid, which is still to be 
tested for cadmium, copper, lead, and bismuth ; mix a small portion of 
the filtrate with a large amount of Solution of hydrosulphuric acid, and 
should a precipitate form or a coloration become visible, treat the re- 
mainder of the filtrate according to the directions of (126)* 

Wash the residue (which may, besides sulphide of mercury, also con- 
tain sulphate of lead, formed by the action of nitric acid upon sulphide 
of lead, and also binoxide of tin, and possibly sulphide of gold and sul- 
pliide of platinum, as the Separation of the sulphides of tin, gold, and 
platinum from the sulphides of the metals of the fifth group is often 
incomplete), and examine one half of it for mercury,t by dissolving it in 
some hydrochloric acid, with addition of a very small proportion of chlorate 
of potassa, and tenting the Solution with copper or protochloride of tin 
(§ 119) ; fuse the other half with Cyanide of potassium and carbonate of 
soda, and treat the fused mass with water. If metallic grains remain, 
or if a metallic powder is lefl undissolved, wash this residue, heat with 
nitric acid, and test the Solution obtained with sulphuric acid for lead. 
Wash the residue which the nitric acid may Icave undissolved, and 
extract from it any hydrate of metastannic acid which it may contain, 
according to the directions of § 130, 1, as metastannic cliloride. Should a 
metallic powder be lefb undissolved in the process, heat it with aqua 
regia, and test the Solution for gold and platinum as directed § 128. 

* For ftDother method of distinguishing oadroiara, copper, lead, and bismath from 
each other, I refer to the Third Section (additions and remarks to § 198). 

t If you have an aqueous Solution, or a Solution in very dilute hydrochloric acid, the 
oxide of mercury formed was present in the original substance in that form ; but if the 
Solution has been prepared by boiling with oonoentrated hydrochloric acid, or by heating 
with nitric acid, tbe mercury may most Hkely have been originally present in the form 
of snbozide, and may have been oonverted into oxide in the process. 
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§194. 

{PrecipücUion toith Sulphide qf Ammonium, Separatton and Detection q/ 
the Oxides o/Groups III. and IV : Alumina, Sesquioxide o/Chromium ; 
— Oxide o/ZinCf Protoxide of Manganese^ Proloxide of Nickel^ Prot- 
oxide of Cobalt, Proto- and Sesquioodde of Iron ; and also of those 
SaUs ofthe AÜealine Barths which are precipita^ed hy Ammonia from 
their Solution in Hydrocidoric Acid : Phosphates, Borates, Oxalates, 
Silicates, and Fluorides,) 

PüT A smcdlportion of the fluid in which Solution of hydro- 134 
suLPHURic acid has failed to produce a precipitate (llO)i 
OR of the fluid which has been filtered from the preci- 
pitate FORMED (112)» iii a test-tube, observe whether it is colored or 
not,* boil to expel the bydrosulphurio acid which may be preaetit, add a 
few drops of nitrio acid, boil, and observe again the color of the fluid ; 
then cautiously add ammonia to alkaline reaction, observe whether this 
produces a precipitate, then add some sulphide of ammonium, on 
matter whether ammonia has produced a precipitate or not. 

a, NeITHEB ammonia NOR sulphide of AMMONIUM PRO- 135 

DUCBS A PRECIPITATE. Pas8 on to § 195, for iron, nickel, 
cobalt, zinc, manganese, sesquioxide of chroroium, alumina, 
are not present, nor are phosphates, borates,t Silicates, and Oxalates^ 
of the alkaline earths; nor fluorides of the metals of the alkaline 
earths, nor silicic acid^-originally in combination with 
alkalies. 

b. Sulphide of Ammonium puoduces a precipitate, ammo- 136 
NIA HAViNO failed TO DO 80 ; abscDceof pliosphates, borate8,t 
Silicates, and Oxalates} of the alkaline earths ; of the fluorides 

of the metals of the alkaline earths ; of silicic acid—- originally in 
combination with alkalies ; and also, if no organic matters are 
present, of iron, sesquioxide of chromium, and alumina. Pass 
on to (138). 

c. Ammonia produces a precipitate before the addition 137 
of sulphide of ammouium. The course of proceeding to be 
pursued uow depends upon whether, (a) the original Solution 

is simply aqueous, and has a neutral reaction, or (ß) the original 
Solution is acid or alkaline. In the former case pass on to (138)» 
since phosphates, borates, Oxalates, and Silicates of the alkaline 
earths cannot be present ; nor can fluorides of the metals of the 
alkaline earths, nor, lastly, silicic acid in combination with alkalies. 

* If the fluid U colorless, it contains no chromium. If colored, the tint will to some 
extent act as a guide to the Dature of the substance preseut ; thus a green tint, or a 
violet tint turning green upon boiling, points to the preaence of chromium ; a light green 
tint to that of nickel ; a reddiah color to that of cobalt; the turning yellow of the ßuid 
upon boiling with nitric acid to that of iron. It must, however. be always bome in niind 
that these tints are perceptible only if the metaliic oxides are present in larger quantity, 
and also that complementary colors, such as, for in^tance, the green of the nickel Solution 
and the red of the cobalt Solution will destroy each other, and that, accordingly, a Solu- 
tion may contain both metals and yet appear colorless. 

t Presence of much chloride of ammonium haa a great tendency to prevent the pre- 
dpitation of borates of the alkaline earths. 

t- Oxalate of magnesia is thrown down from hydrochloric anid Solution by ammonia 
after some time only, and never completely ; dilute Solutions are not precipitatod by^ 
ammonia. 
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In the latter case regard must be Lad to tbe possible presence 
of all tbe bodies enumerated in (135) - P^ss on to (150) • 

1. DjETECTION of THB BASES OF GrOüPS III. AND IV. IF PHOS- 138 
PHATES, &Cf OF THE ALKAUNE EARTHS ARE KOT PRESENT.* 

Mix the fluid mentioned at tbe beginning of tbe paragrapb 
(134)) a portion of wbicb you bave submitted to a preliminary exami- 
nation, with some chloride of ammonium, then witb ammonia, just to 
alkaliDe reaction, lastly witb sulpbide of ammoniam until tbe fluid, after 
being sbaken, smells distinctly of tbat reagent ; shake tbe mixture until 
tbe precipitate begins to separate in flakes, beat gently for some time, 
and filter. 

Keep tbe filtrate,! wbicb contains, or may contain, tbe bases of 
Croups IL and L, for subsequent examination according to tbe directions 
of § 195. Wasb tbe precipitate witb water to wbicb a very little 
Bulpliide of ammonium bas been added, tben proceed ynth it as 
follows : — 

a. It has a pure white color ; absence of iron, cobalt, 139 
nickel. You must test for all tbe other bases of Groups III. 
and iy.,as the faint tints of sesquioxide of chromium and sul- 
pbide of manganese are imperceptible in a large quantity of a white 
precipitate. Dissolve tbe precipitate by heating it in a small diäb 
witb the least possible amount of hydrocbloric acid ; boil — sboiild 
hydrosulpburic acid be evolved — until tbis is completely expelled, 
concentrate by evaporation to a small residue, add concentrated 
Solution of soda in excess, beat to boiling, and keep tbe 
mixture for some time in a State of ebullition. 

a. The precipücUe/armed at ßrst dissolves completely in 140 
tlie excess qfsoliUion qfsoda, Absence of manganese and 
chromium, presence of alumina or oxide of zinc. Test a 
portion of tbe alkaline Solution with Solution of hydrosulpburic 
acid for zinc ; aoidify the remainder witb hydrocbloric acid, add 
ammonia diglUiy in excess, and apply beat. Tbe formation of 
a white flocoulent precipitate shows the presence of alumina. 

ß, The precipitate formed does not dissolve, or dissolves 141 
only partiäüy, in tJie excess ofsolviion of soda, Filter and 
test the FiLTRATE, as in (140)» for ziNO and alumina. Witb 
the undissol^ed precipitate, wbicb, if containing manganese, 
looks brown or brownisb, proceed as follows : — 

aa^ If the color of tbe Solution gives you no reason to suspect 
tbe presence of chromium, test the precipitate for manganese, 
by means of tbe reaction witb carbonate of soda in the 
outer blowpipe flame. 

66. But where the color of the Solution indicates 142 
chromium, tbe examination of the residue insoluble in 
Solution of soda ia more complicated, since it may in 
tbat case contain also oxide of zinc, possibly even the whole 

* This simpler method will fully answer the purpose in most cases ; for very accu- 
rate analysis the method beginning at (150) i^ preferable, as tbis will penuit also the 
detection of minute quantities of alkaline ei^ths, which may have been throwii down 
together with the aluraina and sesquioxide of chromium. 

t If the filtrate has a brownish oolor, this pointa to the presence of nickel, sulpbide 
of nickel, as is well known, being, under certain oircumstances, slightly soluble in 
sulpbide of ammonium; this, howerer, involyes no modification of the analytical 
course. 
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quantity present of this metal (§ 112). I>isaolTe the pnei- 
pitate therefore in hydrochloric acid, eFaporate the solotiw to 
a small residue, diliite, nearly oeutralize the free meid withev- 
boDate of soda, add carbonate of baryta in slight exoefli>kttke 
fluid digest in the cold until it has become oolorlen^ filier, aad 
test the precipitate for chromium, by fuaion with carhonite 
of soda and uitrate of soda (§ 102, 8). Hemove tbebaiytafroa 
the filtrate, by precipitating with some sulphoric add, ßux, 
eva|X)rate to a small residae, add concentrated aolntioa d 
potassa or soda in excess, and test the filtrate for zsxc vi^ 
hydrosulphurio acid, the precipitate, if any, for ha*«**»« 
as in (M, 
b. It IS NOT WHITE ; this points to tbe presenoe of 143 
chromium, manganese, iron, cobalt, or nickeL If it is black, 
or inolines to black, one of the three metals last-mentioned is 
present Under any circumstances all the oxides of Gronps lU 
and IV. must be looked for. 

Kemove the washed precipitate from the filter with a Bpatah» ff 
by rinsing it with the aid of a washing-bottle, through a hole mdb 
in the bottom of the filter, into a test-tube, and pour over it 
rather dilute cold hj|drochloric acid in moderate ezoesa. 

a. It dissoivea completdi/ (except perhaps a little sulphnr. Hl 
which may separate) ; absence of cobalt and nicke], at least 
of notable quantities of theso two metals. 

Boil until the hydrosulphurio acid is completeJy ezpelled, filier 
if particles of sulphur are suspended in the fluid, ooncentrate If 
evaporation to a small rosidue, add concentrated Solution d 
potassa or soda in excess, boil, filter the fluid from the insolallt 
])recipitate which is sure to remaiu, wash the latter, and 
proceed first to examine the filtrate, then the precipitate. 

oa. Test a small portion of the fiUrcUe with hydro- 145 
sulphurio acid for zinc ; acidify the rcmainder with 
hydrochloric acid, then test with ammonia for alumina. 
Compare (140). 

hb, Dissolve a small portion of the precipitcUe in h jdro- 146 
chloric acid, and test the Solution with sulphocyanide of 
potassium for iron. Test another portion for chromium, 
by fusiiig together with carbonate and nitrate of soda (§ 103, 8). 
If no chromium has been found, examine the remainder for 
HANOANESE, by the reaction of carbonate of soda in the 
oxidizing flam& If chromium is present, on the other hand| 
test the remainder of the precipitate for manganese and zine 
(of which latter metal the precipitate may in that cajse poesiUy 
contain the eutirc quantity originally present in the Com- 
pound under examination [§-1121 ) as directed (142)- 
ß, The precipitate is not completay dissdved, a block re- 147 
sidue being left ; this indicates the presence of cobalt aud 
nickel. Filter, wash the undissolved precipitate, and test 
the filtrate as directed (144) l proceed with the residuary 
precipitate as follows : — 

aa, Test a small portion of it with borax, first in the 148 
outer, then in the inner blowpipe-flame. If the bead in 
the oxidizing flame is violet whilst hot, and of a pale 
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reddish-brown when cold, and tarns in the reducing flame 
gray and turbid, nickel is present ; bat if the color of the 
bead is and remains blue in both flames, and whether hot or 
cold, COBALT is present. As in the latter case the pre- 
senoe of nickel oannot be distinctly recognised, examine 

bb, The remainder of the precipitate hy incinerating 149 
it together with the filter in a coil of platinum wire, 
heating the ash with some hjdrochloric acid, filtering 
the Solution, then evaporating nearljr to dryness, and adding 
nitrite of potassa and, lastly, acetic acid (§ 109, 10). If a 
yellow precipitate forma, afler standing for some time at a 
gentle heat, this coutirms the preseuce of cobalt. Filter afler 
about twelve hours, and test the fil träte with Solution of 
soda for nickeL 
2. Detectiok of the bases of oroups IIL akd IY. in oases 150 
where phosphates, borates, oxalates, or siucates of the al- 
kaline earths, ob fluorides of the hetals of the alkaline 
eakths, or hydrate of silicio acid, may possibly have been thrown 
DOWN ALOMO WITH THESE BASES, 1.6., in cases where the original Solution 
was acid or alkaline, and a precipitate was produced by ammonia in the 
preliminary examination. See (134)* 

Mix the fluid mentioued in (134) with some chloride of ammonium, 
then wich ammonia just to alkaline reaction, lastly with sulphide of 
ammonium uutil the fluid, after being shaken, smells distinctly of the 
reageut ; shake the mixture until the precipitate begins to separate in 
flakes, heat gently for some time, and filter. Keep the filtrate, which 
contains, or may contain, the bases of Groups IL and I., for subsequent 
examination according to the directions of § 195. Wash the precipitate 
with water to which a very little sulphide of ammonium has been 
added, then proceed with it as directed in (152)- To give a clear notion 
uf the obstacles to be overcome in this analytical process, I must remind 
you that it is uecessary to examine the precipitate for the following 
bodies : Iron, nickel, cobalt (these show their presence to a certain 
extent by the black or blackish coloration of the precipitate), manganese, 
zinc, sesquioxide of chroiuium (the latter generally reveals its presence 
by the color of the Solution), alumina ; — baryta, strontia, lime, magnesia, 
which latter substances may have fallen down in combination with phos- 
phoric acid, boracic acid, oxalic acid, silicic acid, or in form of fluorides. 
Besides these bodies, free silicic acid may also be contained in 
the precipitate as hydrate. 

As the original substanoe must, under all circumstances, be 151 
afberwards examined for all acids that might possibly be present, 
it is not indispensable to test for the above enumerated acids at 
this stage of the analytical process ; still, as it is often interesting to 
know these acids at once, more especially in cases where a somewliat 
large proportion of some alkaline earth has been found in the precipitate 
produced by sulphide of ammonium, a method for the detection of th»^ 
acids in question will be found appended by way of Supplement to 
the method for the detection of the bases. 

Kemove the precipitate from the filter with a small spatula, or 152 
by rinsiug it off with the washing-bottle, and pour over it cold 
dilute hydrochloric acid in moderate excess. 

a. A BESiDUE REMAINS. Filter, and treat the filtrate ae 153 

I. B 
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dineci«*«! in (154X '^^ rendne, if it u black, may oontain mlphide 
of nickel and talpkide of oobalt and, besides theae, sulphnr md 
silicic acid. Waih, and examine a sample of it in oonjonction wük 
phoephat« of »da and ammonia before ihe blowpipoy in the oakt 
flaoie. If a silica skelelon remains undisaolved (§ 150, 8), tkia prorei 
th« presenoe of silicic add. If the oolor of the bead ia blue, omau 
18 pn»ent ; if Kddish, uuming jellow od oooling, hickjel. Skoold 
the color leaT« jrou in donbt, incinerate the filier containing tbe 
reoiainder of the reaidue, and test for oobalt and nicke! bj 
means of nitrite of }¥>taäaa, as directed (149)* 

6. No RESiDUB IS LEFT (exoept perhapa a Utile solpbor, IM 
which mar separate) : abaence of nickel and cobalt^ at leaiit 
in anj notable pro(¥>rtion. 

Boil the Solution ontil the sulphuretted bjdrogen ia ex- 
pelled, filter if n^-cceaanr, and then prooeed aa foUowa : 

a. Mix a amall portion of the Solution with dilnte 155 
anlphuric acid. If a prt^ipitate fomis, this may oonaiat of 
8ulpliat«8 of BARTTA and STBONTIA, possibly alao of solpbate 
of iime. Filter, wash the precijHtate, and examine it dther hj 
the ci^Ioration of flame (see § 99, at the end), er deoompose it ^ 
boiling or fu»ion with carbonated alkali, waah the carbonatei pro* 
duccil, dissolve them in hjdrochloric acid, and teat the Solution tf 
directeti § 195. Mix the fluid which has not been precipitsied 
bv dilute sulphuric acid, or the fluid filtered from the predpittte 
produced, with 3 Tolumes of spirit of wine. If a predfatite 
forms, this consists of sulphate of LIMB. Filter, diaBol?e ia 
water, and add Oxalate of ammonia to the Solution, aa a 
conti rmatorj )>roof of the presenoe of lime. 

ß. Heat a sowewhat larger sample with seine nitric 156 
acid, aud te^^t a small )K>rtion of the fluid with aolpho- 
cy&uide of potassium for iron ;* mix the remainder with 
sesquichloride of iron in sufficient quantity to make a drop cf 
fluid give a yeilowish prccipitatef when mixed on a watch-glsa 
with a drop of amraouia ; eva]>orate the fluid now nntil there ii 
only a sraall quantity left ; a<ld to this some water, then a iev 
drops of Solution of carbonate of soda, just sufl&cient to neorly 
neutialize the free acid, and lastly carbonate of baryta in fdigbt 
exceMS ; stir the roixture, and let it ^taud in the oold until th» 
fluid above tlie precipitate has become culorless. Filter now 
the pi*ecipitate {aa) from tlie Solution (66), and wash« 

aa. Boil the prtcipitate for some time with Solution of 157 
soda, filter, and test the fil träte for alumim A,^ by heating 

* Wbetber the iron wm present m sesqaioxide or m protoxide^ most be smiwtimfd 
by testing the original lolutioa in hydruchlorio acid with ferricyanide of potaMumi aad 
sulphocyanide of potassium. 

T The addition of sesquichloride of iron is neoessary, to effect the separatum of pbot* 
phoric acid and silicic acid which nuiy be present. 

X If the Solution contains silicic acid, the precipitate'taken for alomina may sboeoa- 
tain silicic acid. A simple trial with phoephate of soda and ammonia, oo a plathisa 
wire, in the blowpipe flame, will show wheiher the precipitate really contains sUicie 
acid. Should this be the case, ignite the remainder of the suppoeed almninA precipi* 
täte on the lid of a platinum crucible, add some acid sulphate of potasta, fosothi 
mixture, and treat tlie fused mass with hydrochloric acid, which wiU disaotre thi 
alumina, leaving tbe' silicic acid undissolved ; precipitate the alumina fhun the 
tioo by aminonia. 
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with Chloride of ammonium in excess. The pari of the 
precipitate insoluble in Solution of soda is examined for chro- 
MiUM, hy fusion with nitrate of potasaa and carbonate of soda 
(§ 102, 8). 

bb. Mix the Solution first with a few dropg of hydrochloric 
acid, boil to expel the whole of the carbonic acid, then 
add some ammonia and sulphide of ammonium. 

ao. iVb predpUate- fonns : absence of manganese 158 
and zina Mix the »olution containing chloride of 
l^rium with dilute snlphuric aoid in slight excess, 
boil, filter, supersaturate with ammonia, and mix with 
Oxalate of ammouia. If a precipitate of Oxalate of Liiufi 
forma, filter, and test the filtrate with phosphate of 
soda for magnesia. 

ßß, Ä pr9ci}ntaJte forms, Filter, and proceed with 159 
the filti-ate according to the directions of (158)* ^he 
precipitate maj consist of sulphide of maoganese and 
8ulphide of zino, and niay coutain traces also of sulphide 
of cobalt and »ulphide of nickel. Wash it with water 
containing some sulphide of ammonium, then treat with 
acetic acid, which will dissolve the sulphide of makoanese, 
if any is present, leaving the other sulphides undissolved. 
Filter, boil the filtrate with Solution of soda, and test the 
precipitate, which may form, with carbonate of soda in the 
outer blowpipe fiame for manganesb. Free the residuary 
part of the precipitate which acetic acid has faileii to dissolve, 
by washiog, from the acetic acid Solution still adhering to it, 
and then treat it with dilute hydrochloric acid, which will 
dissolve the zinc^ if any is present. Filter, add some nitric 
acid to the filtrate, and conceiitrate the mixture considerably 
by boiling ; then add to it concentrated Solution of soda in 
excess, boil, filter if necessary, and test the filtrate with 
sulphide of ammonium for ziNC. Should a precipitate 
insoluble in Solution of soda remain in the last Operation, 
or should the dilute hydrochloric acid have lefl a black 
residue, test this precipitate and residue for cobalt and 
NICKEL, if you have not already previously detected 
the preseuce of these bodies ; compare (148 ^^^^ 149)* 
y. If you have found alkaline earths in a and ß, and 160 
wish to know the acids in combination with which they 
have passed into the precipitate produced by sulphide of 
ammonium, this may be ascertained by making the following 
experiments with the remainder of the hydrochloric acid 
Solution. 

tut, Evaporate a small portion in a small dish or on a 161 
watch-glass on the water-bath, dry the residue thoroughly, 
then treat with hydrochloric acid. If there was any 
siucic ACID in the Solution, this will be left undissolved. Test 
the Solution now for phosphobic acid, by means of molybdic 
acid (§142, 10). 

hb. Mix another portion with carbonate of soda in exceaSf 
boil for some time, filter, and test one-half of the filtrate for 
ozALic ACID, by acidifying with aoetic aoid and addiog Solution 

b2 
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of sulphate of lime ; the oiher half for boraoic agid, by di^df 
acidifying with hydrochloric acid, and iesting with 
turmeric-paper (§ 144 and § 145.) 

ec, Precipitate the remainder with ammonia, filter, IQ 
wash and diy the precipitate, and examine it for fluobibi 
according to § 146, 6. 

§ 19& 

{Separation and DeUctian of Üis Oxides of Group TT. ufhieh are prmj^ 
tated hy Carbonate of Ammonia in Freaenee of Chloride (^Ämmimm, 
viz., Baryta^ Strontia, Lime), 

To A 8MALL PORTION OF THB FLUID IK WHICH AlTMOKIA AHD STIr 
PHIDE OF AMMONIUM HAYE FAILED TO PRODÜCE A PRICOIFITATB (135)> 
CR OF TUE FLUID FILTERED FROM THB PRECIPITATE FORMKD, ADD CBIO- 
JUDE OF AMMONIUM, IF THE SOLUTION C0NTAIN8 NO AlOCONIACAL BAU 
THEN CARBONATE OF AMMONIA AND 80MB CAU8TI0 AMMOKIA, AND 
HEAT FOR 80MK TIME VERT OENTLT (not tO boiling). 

1. No PRECIPITATE F0RM8 : abeence of any notable quantitj of 163 
baiyta, strontia, and Urne. Traoes of these alkaline earths maj, 
however, be present : to deteot tbem, add to another portion of 
the fluid some sulphate of ammonia (prepared by supersaturating dilate 
sulphurio acid with ammonia) : if the fluid berömea turbid, it oontaii» 
traces of bartta ; add to a third portion some Oxalate of ammonia ; if 
the fluid tums turbid — which reaction may perhaps require some tiine 
to manifest itself — traces of lime are present Treat the remainder of 
the fluid as directed § 196, afber having previously removed the tnioe:^ 
of lime and baryta which may have been found, by meaos of the 
reagents that have served to eflect their detection. 

2. A PRECIPITATE IS FORMEO. Preseuce of LIME, BARYTA, OP 164 

8TR0NTIA. Treat the whole fluid of which a portion has been 
tested with ammonia, and carbonate of ammonia, the same as the 
sample, filter off the precipitate formed, after geutly heating, as directed 
above, and test portions of the filtrate with sulphate and Oxalate of 
ammonia for traces of lime and baryta, which it may possiblj still con- 
tain ; remove such traces, should they be found, by means of the said 
reagents, and examine the fluid, thus perfectly freed from baiyta, strontia, 
and lime, for magnesia according to the directions of § 196. Wash the 
precipitate produced by carbonate of ammonia, dissolve it in the leatt 
possibie amouut of dilute hydrochloric acid, and add to a small portion 
of the fluid a snfficient quantity of Solution of sulphate of lime. 

a. Ao precipitate is formed, not even aftee the lapse op 
SOMR TIME. Absence of baryta and strontia ; presence of uxc 
To remove all doubt, mix another sample with Oxalate of 
ammonia. 

b, Ä precipitate is fonned by soltUion of sulphate of lime. 

a. It is formed immedia^ely ; this indicates babyta. 165 
Benides %his, strontia and lime may also be present. 

Evaporate the remainder of the hydrochloric acid Solu- 
tion of the precipitate produced by carbonate of ammonia to 
dryness, digest the residue with streng alcohol, decant the flnid 
from the undissolved chloride of barium, dilute with an eqaal 
volume of water, mix with a few drops of hydrofluosilicic acid — 
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wbicli will throw down tlie small portion of baryta that had dis- 
solved in form of chloride of bariam — allow tbe mixture to stand 
for some time ; filter, and mix tbe filtrate witb dilute sulpbuiie 
acid. Tbe formation of a precipitate indicates tbe presence of 
strontia or lime, or of both. Filter after some time, wasb tbe 
precipitate witb weak spirit of wine, boil witb Solution of car- 
bonate of soda, to convert tbe sulpbates into carbonates, filter 
tbese off, wasb, dissolve in bydrocblorio acid, evaporate tbe 
Solution to dryness, dissolve tbe residue in water, and test a 
portion of tbe Solution witb dilute Solution of sulpbate of 
potassa (§ 96, 3). If a precipitate forms immediatelj, or in tbe 
oourse of balf an bour, tbe presence of strontia is demonstrated« 
In tbat case let tbe fluid witb tbe precipitate in it stand at rest 
for some time, tben filter, and add ammonia and Oxalate of am- 
monia to tbe filtrate. Tbe formation of a wbite precipitate 
indicates lims. If sulpbate of potassa bas failed to produce a 
precipitate, tbe remaiuder of tbe Solution of tbe residue lefl upon 
evaporation is tested at onoe witb ammonia and Oxalate of 
ammonia for lime. 

ß, It iaformed ordy afler some time, Absence of baiyta, 166 
presence of strontia. Mix tbe remainder of tbe bydro- 
cbloric acid Solution witb sulpbate of potassa, let tbe 
mixture stand for some time, tben filter, and test tbe filtrate 
witb ammonia and Oxalate of ammonia for limil 

§196. 
{Exomiinalion for Magnesia,) 

To A PORTION OF THE FLXHD IN WHICH CARBONATE, 8ULPHATE, AND 
OXALATE OF AMMONIA HAYB FAILED TO PRODUOE A PRECIPITATE (163) OB 
OF THE FLUID FILTERED FROM THE PREGIPITATES FORMED (164)i ADD 
AMMONLA, THEN SOME PHOSPHATE OF SODA, AND, SH0T7LD A PRECIPITATE 
NOT AT ONCE FORM, BUB THE INNER SIDES OF THE OLASS-TUBE WITH 
A OLA8S ROD, AND LET THE MIXTURE STAND FOR SOME TIME. 

1. No PRECIPITATE IS FORMED ; abseuce of magnesia. Evapo- 167 
rate anotber portion of tbe fluid to drynefls,* and ignite gently. 

Ifa residue remains, treat tbe remainder of tbe fluid tbe same 
as tbe sample, and examine tbe residue, wbicb by tbe moderate ignition 
to wbicb it bas been subjected bas been freed from ammonia, for potassa 
and soda» aocording to tbe direotions of § 197. — I/no residue is lefi, tbis 
is a proof of tbe absence of tbe fixed alkalies ; pass on at once to 
§ 19a 

2. A PRECIPITATE IS FORMED : preseuce of magnesia. As testing 168 
for alkalies can proceed witb certainty only after tbe removal of 
magnesia, evaporate tbe remainder of tbe fluid to dryness, and 
ignite until all ammoniacal salts are removed. Warm tbe residue 
witb some water, add baryta-water (prepared from tbe crystals) as 
long as a precipitate continues to form, boil, filter, add to tbe filtrate a 
mixture of carbonate of ammonia witb some oaustio ammonia in sligbt 
excess, beat for some time gently, filter, evaporate tbe filtrate to dryuess, 

* The mo«t conyaniant way is to oondnot the eraporation on the lid of a platinuai 
eraciUe, 
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addiDg Bome cHloride of ammonium during the process (to convert into 
Chlorides the caustic alkalies or alkaline carbonates that may happen to 
form), ignite the residue gently, then dissolve in a little water, precipi- 
tate if neoessary once more with ammoaia and carbonate of amraonia, 
evaporate again, and if a residue remains, ignite this gentljr, and examine 
it acoording to the directions of § 197. 

§ 197. 
{Examinaiian /or Foiaasa cmd Soda,) 

YOü HAYB NOW TD EXAHIKE FOR POTASSA AND SODA THE GENTLT 
lONITED BE81DUB, FREE FROH 8ALTS OF AMMONIA AND ALKALINE BARTHS, 
WBICH HA8 BEEN OBTAINED IN (167)> OR IN (168)- 

Dissolye it in a little water, filter if neoessary, evaporate until there is 
only a small quantity of fluid left, and transfer one-half of this to 
a watch-glass, leaving the other half in the poroelain dish. 
•' 1. To the one-half in the poroelain dish add, after oooling, a few 169 
drops of Solution of hichloride of platinum, If a yellow crystal« 
line precipitate forms immediately, or after sonie time, potassa is 
present S hould no precipitate form evaporate to dryness at a gentle 
heat, and t eat the residue with a very small quantity of water, or, if 
Chlorides alone are present, with a mixture of water and alcohol, when 
the presence of minute traces of potassa will be revealed by a small 
quantity of a heavy yellow powder being lefb undissolved (§ 89, 3). 

2. To the other half of the fluid (on the watch-glass) add some 170 
(trUimoncUe of potassa, If this produces at once or after some time 
a crystalline precipitate, soda is present. If the quantity of soda 
presenb is only very trifling, it ofben takes twelve hours before minute 
crystals of antimonate of soda will separate ; you must therefore always 
wait füll that time for the possible manifestation of the reaction, before 
deciding from its non-appearance that no soda is present. As regards 
the form of the crystals, consult § 90, 2, 

§ 198. 

{ExamiruUion for Ammonia.) 

There remains still the examination for ahmonia. Tritu- 171 
rate some of the body under examination or, if a fluid, a portion 
pf the latter, together with an excess of hydrate of lime, and, if 
neoessary, a little water. If the escaping gas smells of ammonia, if it 
restores the blue color of reddened litmus-paper, and forms white fumes 
with hydrochlorio acid vapors, brought into contact with it by means of 
a glass rod, ammonia is present. The reaction is the most sensitive if 
the trituration is made in a small beaker, and the latter covered with a 
glass plate with a slip of moistened turmeric or moist reddened litmus- 
paper adhering to the under side. 
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Complex Compounds, 

Af I. SUBSTANCSS 80LUBLB IK WaTEB. 
DETECTION OF ACIDa.* 

L /n t^ Äbsence o/Organie Ädda. 

§ 199. 

Consider, in the firat place, uhich are the aoids that form with the 
bases fouDd Compounds so! üble in water, and let this guide you in the 
ezamination. To atudents the table given in Appendix lY. will 
prove of considerable assistanoe. 

1. The ACiDS of AR8EVI0, a» well as cahbokio aoid, hydrosuI/- 172 
PHURic ACID, OHROMio ACiD, and siLicic ACiD, have generally been 
detected already in the courae of testing for the b^es ; see (67) 

and (68)- 

2. Add to a portion of the Solution chloride of barium or, if lead, 
silver, or suboxide of mercury are present, nitrate of baryta, and, sbould 
the reaction of the fluid be acic^ add ammonia to neutral or 
alightly aikaline reaction. 

a. No PBECiPiTATE 18 FORMED : abseuoe of sulphuric acid, 173 
phosphoric acid, chromic acid, silicic acid, oxalic acid, arse- 
nious and arsenic acids, as well as of notable quantities of 
boracic acid and hydrofluoric acid.t Pass on to (175)« 

h. A PRECIPITATE IS FORMED. Dilute thc fluid, and add 174 
hydrochloric acid or, as the case may be, nitric acid ; if the 
precipitate does not redissolve, or at least not completeiy, 
SULPHURIC ACID is present 

3. Add nitrate of silver to a portion of the Solution. If inis 175 
fails to produce a precipitate, test the reaction, and if acid, add to 

the fluid some dilute ammonia, taking care to add the reageut so 
gently and cautioasly that the two fluids do not intermix ; if the re- 
action is aikaline, on the other band, add with the same care some dilute 
nitric acid, instead of ammonia, and watch attentively whether a 
precipitate or a cloud will form in the layer between the two fluids. 

O. No PRECIPITATE IS FORM RD IN THE LATER BETWEEN THE 176 
TWO FLUIDS, NKITHER IMMEDIATELT NOR AFTER SOME TIME. 

Pass on to (181) j there is ueither clilorine, bromiue, iodine, 
cyanogen4 ferro- and ferricyanogen present, nor sulphur; nor 
phosphoric acid, arseuic acid, arsenious acid, chromic acid, silicic 
acid, oxalic acid ; nor boracic acid, if the Solution was not too 
dilute. 

h. A PRECIPITATE IS FORMED. Obscrve the color§ of it, 177 
then add nitric acid, and shake the mixture. 

* Consult also the explanationi in Section III. 

f If the Solution contains an aroraoniacal sali in somewhat oonsiderahle proportion, the 
non-funnation of a precipitate cannot be considered a conolosive proof of the absenoe 
of these acids, since the baryta salts of most of them (not the sulphate) are in pre- 
sence of ammoniacal salts more or less soluble in water. 

X That the cyanogeu in Cyanide of meroury is not indicated by nitrate of silver hai 
been mentioned (73)* 

§ Chloride, bromide, oyanide, and ferrocyanide ot silver, and Oxalate, Silicate, and 
borate of silver are white ; iodide of silver, tribasic phosphate, and arsenite of silver 
are yellow ; arsenate of silver and femoyaiiide of silver are brownish-red ; Chromate of 
uiver is parple-red ; sulphide of silver bUok. 
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a. jThe precipilcUe redUsolvei eompletdy : absenoe of düoriiM^ 
bromine, iodine, cyanogen, ferro- and ferrloyanogen, mnd 
also of sulphor. PasR on to (181)- 

ß, A residtie is leß : chlorine, bromine, iodine, cyanogen, 178 
ferro- or ferricyanogen may be present j and if the residue 
is black or blackish, hydrosulphurio acid or a soluble 
XETALLic 8ULPHIDB. — The presence of sulphur may, if nooc— ly, 
be readilj pstablished beyoud donbt, bj mixing anotber portioB 
of the Solution with some Solution of snlphate of copper. 

aa, Test another portion of the fluid for iodutb, aad inb- 
seqnently for bromine, bj the methods described in 
§ 157. 

hb. Test a small portion of the flnid with sesqui- 179 
Chloride of iron for ferrocyanookn; and, if the oolor of 
the silver precipitate leads you to saspect the presence of 
FEBEICTAMOOEK, test anotber portion for this latter subslaiioe 
with Rulphate of iron. — If the original solntion has an alkaline 
reaction, some hydrochloric acid must be added b^ore the ad- 
dition of the sesquichloride of iron, or the snlphate of iron. 
cc. Ctanooen, if present in form of a simple Cyanide of in 
1^ alkali metal soluble in water, may usually be readily recognised 

by the smell of hydrocyanioacid which the body under examina- 
tion eroits, and which is rendered more strongly perceptible by 
addition of a little dilute sulphmric acid. — If no ferrocyanogen 
or ferricyanogen is present, the presence of cyanogen 
may be ascertained by the method given in § 165, 6. 

dd, Should bromine, iodine, cyanogen, ferrocyanogen, 180 
ferricyanogen, and sulphur not be present^ the precipi- 
tate which nitric add has £uled to dissolve oonaistB of 
f CHLORIDE of silver. 

But where the analytical process has revealed the presence of 
any of the otber bodies, a special examination for chloiine may 
become necessary, viz.. in cases where the quaniity of the |»e- 
cipitate will not enable the Operator to pronounce with positive 
certainty on the presence or absence of the latter element* 
In such cases, which are of rare occurrence however, the 
methods given in § 157 'are resorted to. 

4. Test another portion for kitric acid, by means of sulphate 181 
of iron and sulphuric acid (§ J59). 

5. To ascertain whether chloric acid is present, pour a little 
concentrated sulphuric acid over a small sample of the solid substance on 
a watch-glass : ensuing yellow coloration of the acid resolves the question 
in the affirmative ({ 160). 

You have still to test for phosphorio acid, boracic acid, silicio add, 
oxalic acid, and chromic acid, as well as for hydrofluoric acid. 

For the first ^"ve acids test only in cases where both chloride of barinm 
and nitrate of silver have produced precipitates in neutral solutiona 
Compare also foot note to (173)* 

6. Test for phosphorio acid, by adding to a portion of the fluid 

* SuppotiDg, for iosUnce, the Bolution of nitrate of silver to have produoed a oopious 
precipitate ioioluble in nitric acid, and the subtequent examination to have ahown 
nere tracea of iodbe aud broroine, the preeence uf chlorine may be held to be demou* 
Mtrated, wiibout requiring additional prvul 
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ammonia in excess, then chloride of ammonium and siilphate of 182 
magnesia (§ 142, 7). Yery minute quantities of phosphoric acid 
are detected most readily hj means of molybdio acid (§ 142, 10). 

7. To effect the detection of oxauc acid and hydbofluorio acid, add 
chloride of calcium to a fresh portion of the Solution. If the reaction of 
tlie fluid is acid, add ammonia to alkaline reaction. If the chloride of 
calcium produces a precipitate which is not redissolved bj additiou of 
acetic acid, one or both bodies are present Examine therefore now a 
sample of the original substance for fluorine according to the directions 
of § 146, 5, another sample for oxalic acid hy the method given in 

§ 145, 7. 

8. Acidulate a portion of the fluid slightlj with hjdroohloric 183 
acid, then test for boracic acid, hj means of turmerio-paper 

(§ 144, 6). 

9. Should 8ILICIC ACID not jet have been found in the course of 
testing for the bases, acidulate a portion of the fluid with hjdrochloric 
acid, evaporate to drjness, and treat the residue with hjdrochlorio acid 
(§ 150, 3). 

10. Chromic acid is readilj recognised by the jellow or red color of 
the Solution, and hy the purple-red color of the precipitate produoed by 
nitrate of silver. If there remains the least doubt on the point, test 
for chromic acid with acetate of lead and acetic acid (§ 138, 7). 

Complex Compawnds, 

A, 1. SUBSTAKCBS BOLUBLB IN WaTEB. 

detection of acids. 
IL In Freaence of Organio Adds. 

§ 200. 

1. The examination for the inorganio acids, inclosiye of oxalic 184 
acid, is made in the manner described in § 199. As the tartrates 

and citrates of barjta and oxide of silver are insoluble in water, 
tartaric acid and citric acid oan be present onlj in cases where both 
chluride of barium and nitrate of silver have produoed precipitates in 
the neutral fluid; still, in drawing a condusion, you must bear in 
mind that the said salts are slighUy soluble in Solutions of salts of 
ammonia. 

The proper testing for the organic acids requires in the first place the 
removal of those bases the presence of which might prove an obstade, 
i.6., all the bases of groups IIL, I V., Y., and Y I. Their removal is effected 
by the methods described in § 184, at the beginning; and the ex- 
amination for the organic adds is then conduoted as foUows : — 

2. Make a portion of the fluid feebly alkaline by addition of 185 
ammonia, add some chloride of ammonium, then chloride of cal- 
cium, shake vigorously, and let the mixture stand at rest from ten 

to twenty minutes. 

a. No precipitate is formed, not eyen after the lapse of 
80ME TIME. Absence of tartaric acid ; pass on to (186)' 

6. A PRECIPITATE 18 FORMED IMMEDIATELT, OR AFTER 80MB 

TIME. Filter, wash, and keep l^ie filtrate for further examination 
acoording tu ihe direotions of (186)* 
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Digest and sbake the precipitate with Solution of soda, without 
applying heat, then dilute with a little water, filier, and boil the 
filtrate some time. If a precipitate separates, tartaric aoid may 
be assumed to be present Filter bot, and subject the precipitate 
to the ammonia and nitrate of silver test described in 
§ 163, 8. 

3. Mix the flnid in whiob chloride of calcium bas failed to pro- 186 
^ duce a precipitate, or that which has been filtered from the preci^ 

pitate formed — in which latter case some more chloride of calcium 
is to be added — with alcohoL 

a, No PRECIPITATE IS FORMSD. Abseuce of citrio acid and 187 
malic acid. Pass on to (190)* 

6. A PRECIPITATE IS FORMED. Filter and treat the filtrate 188 
as directed in (190)- As regards the precipitate, treat this 
as follows : — 

After washing with some alcohol, dissolve on the filter in a little 
dilute hydrochloric acid, add ammonia to the filtrate to alkaÜne 
reaction, and boil for some time. 

a. The filtrate remains clear. Absence of dtrio add. 

Probable presence of mauc acid. Add alcohol again to the 

fluid, and test the lime precipitate in the manner directed 

§ 166, to make sure whetber malic acid is really present 

or not 

ß, A HEAVY WHrtE PRECIPITATE 18 FORMED. PreSCUOe 189 

of ciTBic ACID. Filter boiling, and test the filtrate for 
malic acid in the same raanner as in o. To remove all 
doubt as to whetber the precipitate is citrate of lime or not, it 
is advisable to dissblve once more in some hydrochloric acid, to 
supersaturat^ again with ammonia, and to boil; if the precipitate 
really consisted of citrate of lime, it will now be thrown 
down again. (Compare § 1 64, 3.) 

4. Heat the filtrate of (188) (or the fluid in which addition of 190 
alcohol has failed to produce a precipitate (IS?)» ^ expel the 
alcohol^ neutralize exacdy with hydrochloric acid, and add sesqui- 
chloride of iron. If this fails to produce a light brown flocoulent preci- 
pitate, neither succinic nor benzoic acid is present. If a precipitate of 
the kind is formed, filter, digest, and heat the washed precipitate with 
ammonia in ezcess ; filter, evapomte the filtrate nearly to dryness, and 
test a portion for svcciNic acid with chloride of barium and alcohol 
(§ 168) ; the remainder for benzoic acid with hydrochloric acid (§ 169). 
Bensx)ic acid may generally be readily detected also in the original sab- 
stance, by pouring some dilute hydrochloric acid over a small portion of 
the latter, which will leave the benzoic acid undissolved ; it is then 
filtered and heated on platinum foil (§ 169, 1). 

5. Evaporate a portion of the Solution to dryness — ^if acid, after 191 
previous Saturation with soda — introduce the residue or a portion 

of the original dry substance into a small tube, pour some alcohol 

over it, add about an equal volume of concentrated sulphuric acid, and 

heat to boiling. Evolution of the odor of acetic ether demonstmte«} the 

presence of acetic acid. This odor is rendered more distinctly 

peiceptible by shaking the cooling or cold mixture. 

, . 6. To efiect the detoction of Fo^iMic acid, add to a portion of 192 

the Solution a sufficient quantity of nitrate of silver^ then soda . 
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nntdl the fluid is eaxutly neutralized, and boil. If formic acid is present, 
reduction of tbe silver to the metallio State ensues (§ 172, 4). The reao- 
tion with nitrate of subozide of merouiy maj be had reoouTBe to aa a 
ooncluaive teat (§ 172, 5).* 

CompUx CoTnpownda, 

A, 2. SUBSTANCES IN80LÜBLE IN WaTEB, BUT SOLÜBLE IN HtDRO- 
CHLOBIG ACID, NiTBIO ACID, OB NiTEOHTDBOCHLOBIO AOID. 

DGTEOnON OF THE AOIDS. 

In the Äbsence of Orgcmic Ädda. 

§ 201. 

In the ezaroination of these Compounds attention mnst be directed to 
all acids, witU the exception of chloric acid. Cyauogen oompoundä and 
Silicates are not examiued by this method. (Compare § 204 and 
§205.) V F- S 

1. Caebonio acid, sulphue (in form of metallic 8ul[)hides), 193 
AB8ENI0US ACID, ABSENic ACID, and CHBOMio ACID, if present, 
Ixave been fonnd already in the course of the examination for 
bases ; nitbic acid, if present, has been detected in the course of the 
preliminary examination, by the ignition of the powdered sub- 
stance in a glass tube (8)' 

2. Mix a sample of the substance with 4 parts of pure carbonate 194 
of soda and potassa, and, should a metallic sulphide be present, 

add some nitrate of soda ; fuse the mixture in a platinum cruoible 
if there are no reducible metallio oxides present, in a porcelain cruoible 
if such oxides are present ; boil the fused mass with water, and add a 
little nitric acid, leaving the reaction of the fluid, however, still alkaline; 
heat again, Alter, and proceed with the filtrate aooording to the directions 
of § 199, to eflect the detection of all the acids which were com- 
bined with the bases.t 

3. As the phosphates of the alkaline earths are only incom- 195 
pletely decomposed by flision in conjunction with carbonate of 
soda and potassa, it is always advisable in cases where alkaline 
earths are present, and phosphoric acid has not yetibeen detected, to 
dissolve a fresh sample of the body under examination in hydrochloric 
acid or nitric acid, and test the Solution, for phosphoric acid with Solu- 
tion of molybdic acid, after removal of the arsenic acid and silicic acid, 
should these be present (§ 142, 10.) 

4. If in the course of the examination for bases alkaline earths have 

* In presence of chromic acid the reduction of ozide of silver and of suboxide of mer- 
cnry is not a positive proof of the presence of formic acid. In cases wbere the two 
acids are present the followine method must be resorted to : — Mix tbe original Solution 
with some nitric acid, add oxide of lead in exoess, shake tbe mixture, filter, add to the 
filtrate dilute sulpburic acid in excess, and distil. Test tbe distillate as directed § 173. 
In presence of tartario acid also it is tbe sa&st way to distil tbe formic acid fint, with 
addition of dilute sulpburic add. 

t If tbe body examined has been found to contain a metallic sulphide, a SM>arate por- 

.tipu of it mwst be «xamined for sulpburic acid, by beating it witb hydrochloric aoid, 

filtering, adding water to tbe filtrate, and tban tesüng the fluid witb obloride of bariom. 
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been found, it is also advisable to test a separate portioD of the bodj 
xinder examination for tluorins, by the method described in 
§ 146, 5. 

5. That portion of the snbstance under examination which has 196 
been treat^ as directed in (194)f cftn be tested for silicic acid 

only in cases where the fusiou has been effected in a platinum 
crucible ; in cases where a porcelain crucible has been used it is neoes- 
sary to examine a separate portion of the bodj for silicic acid, bj evapo- 
rating the hydrochloric or nitric acid Solution (§ 150, 3). 

6. Examine a separate sample of the body for oxauo acid as directed 
in (198). 

Complex Chfnpounds. 

Af 2. SUBSTANCES IKSOLÜBLE IN WaTEH, BUT BOLüBLE IN HtDBO- 
CHLOBIC AciD, NiTRIO ACIO, OR NiTRO-HTDEOCHLORIC AciD. 

DETEOnOir OF THE ACn)& 

IL In Fresence of Organic Äcick. 

§ 202. 

1. Condnct the examination for inorganic acids aooording to the 197 
direotions of § 201. 

2. Test for acetic acid as directed § 171, 7. 

3. Dissolve a portion of the Compound under examination in 198 
the least possible amount of hydrochloric acid, filter if necessary, 

and test the undissolved residue which may be lefl for bbnzoic 
ACID, by application of heat ; add to the filtrate Solution of carbonate of 
£oda in considerable excess, and, besides this, also a little solid carbonate 
of soda, boil the mixture for a few minutes, then filter the fluid from the 
precipitate. In the filtrate you have now all the organic acids in Solu- 
tion, combined with soda. Acidify the filtrate with hydrochloric acid, 
heat, and proceed according to the direction of (185)> 

Complex Compounds» 

B, SUBSTAKCES INBOLUBLE OR BPARINGLT SOLUBLE BOTH IN WaTER 
AND IN Hy>ROCHLORIC AciD, NiTRIC ACID, OR NlTRO-HTDRO- 
OHLORIC AdD. 

DETEOTION OF THE BASB8, ACIDS, AND NON-METALLIC ELE1CENT& 

§203. 

To this class belong the following bodies and Compounds. 199 

SULPHATE OF BABTTA, BULPHATE OF STRONTIA^ and 8ULPHATB 
OF LIME.* 

SuLPHATE OF LEADt and CHLORIDE OF LEAD.{ 

* Snlphate of lime passes partially into the Solution efifocted by water, and often 
oompletely into that effected by aoids. 

t Sulphate of lead may pass oompletely into the Solution effected by acids. 

t Chloride of lead can here only be found if the precipitate insoluble in. aoidi has 
aot been thoroughly waahed with bot water,^ 



DETECnON OF BASES^ ACIDS, ETC. 253 

Chloride of silveb, bromide of silver, iodide of silver, Cyanide of 
süver,* ferro- and ferricyanide of silver.t 

Siucio ACiD and manj Silicates. 

Native alumina, or alumina which has paased throngh a process of 
intense igDition, and many aluminates. 

Ignited sesquioxide of chromium and chrohe-ironstonb (a compoand 
of sesquioxide of chromium and protoxide of iron). 

Ignited and native binoxide of tin (tin-stone). 

Some metaphosphates and some arsenates. 

Fluoride of calcium and a fev other Compounds of fluorine. 

SULPHUR. 

Oarbonaceous matter. 

Of these Compounds those printed in small capitals are more frequentlj 
met with. As the Silicates perform a highljr important part in mineral 
analysis, a special chapter (§ 205 — § 208) lb devoted to them. 

The substance under ezamination which is insoluble in water and in 
acids is in the first place subjected to the preliminary experiments here 
described in a — e, if the quantity at the disposal of the Operator is not 
abaolutely too small to admit of this proceeding; in cases where the 
quantity proves insufficient for the purpose, the Operator must omit this 
preliminary examination, and at once pass on to (205«) bearing in mind, 
however, that the body may contain all the aforesaid substances 
and Compounds. 

a. Examiue attentively and carefully the phjrsical state and con- 200 
dition of the residue, to ascertain whether you have to deal with a 
homogeneous mass or with a mass composed of dissimilar particles ; 
whether the body is sandy or pulverulent, whether it has the same color 
throughout, or is made up of variously-colored particles, <ba The micro- 
scope, or even a simple magnifying glass, will be found very useful 

at this stage of the examination. 

b. Heat a small sample in a glass tube sealed at one end. If 201 
brown fumes arise, and sulphur sublimes, this is of course a proof 

of the presence of that substance. 

c. If the substance is black, this indicates, in most cases, the 202 
presence of carbonaceous matter. Heat a small sample on plati- 
num-foil over the blowpipe flame ; if the substance which 
blackens the fingers is consumed, this may be held to be a positive 
proof of the presence of carbon in some shape or other. Graphite, 
which may be readily recognised by its property of commuuicating its 
blackish-gray color to the flngers, to paper, &c,, requires the aid of 
oxygen for its ready combustion. 

d. Heat a small sample, together with a small lump of Cyanide 203 
of potassium and some water, for some time, filter, and test the 

fil träte with sulphide of ammonium. The formation of a brownish- 
black precipitate shows that the residue under examination con- 
tains a Compound of silver. 

e. If an undissolved residue has been lefl in dy wash this tho- 204 

* Bromide, iodide, and Cyanide of silver are deoomposed by boiling with nitro-bydro- 
chloric acid, and converted into chloride of silver ; they can »coordiogly be found bere 
only in cases where the Operator has to deal with a substance which — as nitrohydro- 
cbloric acid has Mied to effect its Solution— is examined directly by the metüod 
described in this paragraph (§ 208). 

t With regard to the examination of thete oompoondSi oompare also § 20 i. 
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roughly with water, and if white, sprinkle a few drops of snipbide of 
ammonium over it ; if it tums black, salts of lead are präsent. If,' 
however, the residue lefl md\A black, heat it with some aoetate of 
ammonia, adding a few drops of acetio acid, filtei', and test the filtrate. 
for LEAD, by means of sulphuric acid and hydrosulphuric acid.* 

The resnlts obtained by these preliminarj experiments serve to 
guide the Operator now in bis further conrse of prooeeding. 

1, a, Salts of lead are not prbsent. Pass on to (206)- 205 

6. Salts of lead are present. Heat the snbstance re- 
peatedly with a concentrated Solution of acetate of ammonia 
until the salt of lead is oompletely dissolved out. Test a portion of 
the filtrate for chlorine, another for sulphuric acid, and the 
remainder for lead, by addition of sulphuric acid in excess, and by 
hydrosulphuric acid. If acetate of ammonia has lefl a residue, 
wash this, and treat it as directed in (206)* 

2, o. Salts of silyer are not present. Pass on to (207)« 206 

6. Salts of silyer are present. Digest the substanoe 
free from lead, or which has been freed from that metal by 
aoetate of ammonia, repeatedly with Cyanide of potassium and water, 
at a gentle heat (in presence of sulphur, in the cold), until all the 
Salt of silver is removed. If an undissolved residue is lefl, wash 
this, and pi-oceed with it according to the directions of (20^* Of 
the fiUrate^ which oontains Cyanide of potassium, mix the larger 
portion with sulphide of ammonium, to precipitate the silver. 
Wash the preoipitated sulpbide of silver, then dissolve in nitric 
acid, dilute the Solution, and add hydrochlorio acid, to asoertain 
whether the precipitate really consisted of sulphide of silver. 
Test another small portion of the filtrate for sulphuric Acm.f 

3, a. Sulphur is not present. Pass on to (208)> 207 

6. Sulphur is present. Heat the substanoe free from 
silver and lead in a oovered porcelain crucible until all the 
sulphur is expelled, and if a residue is left, treat this accord- 
ing to the directions of (208)* 

4, Mix the substanoe free from silver, lead, and sulphur with 208 
2 parts of carbonate of soda, 2 parts of carbonate of potassa, and 

1 part of nitrate of potassa,} heat the mixture in a platinum 
crucible until the mass is in a state of calm fusion, place the red-hot 
crucible on a thick cold iron plate, and let it cool. By this means you 
will geuerally succeed in removing the fused mass from the crucible in 
an unbroken lump. Soak the mass now in water, boil, filtcr, and wash 
the residue until chloride of barium no longer produces a precipi- 
tate in the washings. (Add only the first washings to the filtmte.) 

o. The Solution so obtained contains the acids which were 209 

* The presence of lead in silioates, e,g, in glase containing lead, cannot be detected 
by this method. 

t As the carbonate of potassa contained in the Cyanide of potassium may have |wt»- 
duced a total or partial deoomposition of any sulphates of the alkaline earths which 
happeoed to be present. 

X Addition or nitrate of potassa is usefal even in the case of white powders, an it 
counteracts the injurious action of Silicate of lead, should any be present, npon the 
platinum omcible. In the case of black powders the proportion of nitrate of potassa 
must be correspondiogly increased, in order that carbon, if preseot, may he consomed 
MS completely as possible, and that any ;hrome-ironstone present in the Compound may 
b« more thoroughly decomposed. 



DETECTION OF BASBS, ACID8, ETC. 235 

present in the substanoe deoomposed by fluxing. But it may, besides 
these acids, contain also snob bases as are soluble in caustio alkaliea. 
Proceed as follows : — 

a. Test a small portion of tbe Solution for sülphttric acib. 
ß. Test another portion with molybdic acid for puosphobic 
ACiD and ARSENio ACID. If a yellow precipitate forins, remove 
tbe arsenic acid which may be present with bydrosulphorio acid, 
and thon testonce morc for pbosphoric acid, after baving removed 
also any silicic acid that may be present. 

y, Test another portion for flourine (§ 146, 7). 
t If the Solution is yellow, curomio acid is present. To 
remove all doubt on the point, acidify a portion of the Solu- 
tion with acetic acid, and test with acetate of lead. 

e. Acidify the remainder of the Solution with hy drochlorio 210' 
acid, evaporate to dryness, and treat the residue with hydro- 
chloric acid and water. If a residuo is lefb which refuses 
to dissolve even in boiling watcr, this consists of silicic Acm. 
Test the hydrochloric acid Solution now in the usual way for 
those bases which, being soluble in caustic alkalies^ may be 
present. 

6. Dissolve the residtie leß in (208) ui hydrochloric acid 211 
(effervescence indicates the presence of alkaline earths), and 
test the Solution for the bases as directed in § 190. (If much 
silicic acid has been found in e (210)f it is advisable to evaporate the 
Solution of the residue to dryness, and to treat the residuary masa 
with hydrochloric acid and water, in order that the silicic acid 
romaiuing may also be removed as completely as possible.) 

5. If yon have fonnd in 4 that the residue insoluble in acids 212 
contains a Silicate, treat a separate portion of it according to the 
directions of (228)9 ^ ascertain whether this Silicate contaius 
alkalies. 

6. If a residue is still lefl undissolved upon treatiug the 213 
residue lefb in (208) ^ith hydrochloric acid (211)} ^^^ ^^^7 coi^- 

sist either of silicic acid, which has separated, or of an undeoom- 
posed portion of sulphate of bary ta ; it may, however, also be fluoride of 
calcium, and if it is dark-colored, chrome-ironstone, as the last-uamed 
two Compounds are only with difficulty decomposed by the method given 
in (208)- I would therefore remind the Student that fluoride of calcium 
may be readily decomposed by means of sulphuric acid ; and, as regards 
the decomposition of chrome-ironstone, I can recommend the foUowing 
method, first proposed by Hart : Project the fine powder into 8 times the 
qnantity of fused borax, stir the mixture frequently, and keep the crucible 
für half-an-hour at a bright red heat. Add now to tlie fusing mass 
carbonate of soda so long as effervescence continues, and finally add 3 
times the weight of the chrome-ironstone of a mixture of equal parts of 
carbonate of soda and nitrate of potassa, whilst actively stirring the 
mixture with a platinum wire. Let the mass cool, aud, when cold, 
boil it with water. 

7. If the residue insoluble in acids contained silver, you have 214 
still to ascertain whether that metal was present in the original 
substance as chloride, bromide, iodide, d^a, of silver, or whether 

it has been oonverted into the form of chloride of silver by the treatment 
employed to effeot 'the Solution of the original substance. For that 
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parpoee treat a portion of the original Bubstance with boiling 
water until the soluble part is completely removed ; then treat tbe 
residuary portion in tbe same way witb dilute nitric acid, wash tbe un- 
dissolved residue witb water, and test a small sample of it for silver ao- 
oording to the directions of (203)> ^^ silver is present, proceed to ascer- 
tain tbe salt-radical witb wbiob tbe metal is combined ; tbis maj eaaily 
be effected by boiling tbe remainder of the residue in tbe first place witb 
ratber dilute Solution of soda, filtering, and testing tbe filtrate, after 
acidifying it» for ferro- and ferricyanogen. Digest tbe wasbed residue 
now witb fine]y granulated zinc and water, witb addition of some sul- 
pburic aoid, and filter after tbe lapse of ten minutea. You may now at 
once test tbe filtrate for cblorine, bromine, iodine, and cyanogen ; or you 
may first tbrow down the zinc witb carbonate of soda, in order to obtain 
tbe salt-radioals in combination witb sodium. 



SECTION II. 

PRACTICAL COURSE 

m PABTICULAS OASES. 



L Special Method op effectikg the Akalysis of Cyanides, 
Ferrocyanides, etc., msoLUBLE IN Water, and also of inso- 

LUBLE MIXED SuBSTANCES CONTAINING SUCH CoiffPOUNDS.* 

§204. 

The analysis of ferrocyanides, ferricyanides, &o,, by tbe common 215 
method is ofben atteuded by tbe manifestation of such anomalous 
reactions as easily to mislead the analyst. Moreover, acids often 
£Eiil to effect tbe complete Solution of these Compounds. For these reasons 
it is advisable to analyze them^ and mixtures containing tbem, by tbe 
following special method : — 

Treat tbe substance witb water until tbe soluble parts are entirely 
removed, and boil tbe residue witb streng Solution of potassa or soda ; 
after a few minutes' ebullition add some carbonate of soda, and boil 
again for some time ; filter, should a residue remain, and waab 
the latter. 

1. The residue, if any has be»>n lefb, is now free firom cya- 216 
nogen, unless tbe substieince under examination contains Cya- 
nide of silver, in which case tbe residue would of course still 
contain cyanogen. Examiue tbe residue now by the common 
method, beginning at (35)* 

2. Tbe aohUion oxfiltraUj which, if oombinations of com- 217 
pound cyanogen radicals (Ferrocyanogen, Cobalticyanogen, 

<&c.), were originally present, contains these combined witb 
alkidi metals, may also contain otber acids, which have been 
separated from their bases by the process of boiling with car- 

* Before entering upon ihis course of analysis, consult the special rcuiarks to tbe 
Paragraph (§ 204) in tbe Third Section. 
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bonate of soda, and lastly also, such oxides as are soluble in caustic 
alkaliea. 

Treat the Solution as follows : — 

a. Mix the alkaline fluid with a sufficient quantitj of hy- 218 
drosulphuric acid, to test for metals of the fourth and fifth 
groups.* 

cu No permanent precipitcUe is /ormed. Absence of zinc and 
lead. Paas on to (219)- 

ß, A permanerU precipUate is formed. Add to the fluid a 
little yellow sulphide of sodium, drop bj drop, until the metals 
of the fourth and fifth groups present in the alkaline Solution 
are just thrown down, heat moderately, filter, wash the precipi- 
tate, and treat the fll träte as directed in (219)* Disaolve the 
washed precipitate in nitric acid, which may leave sulphide of 
mercury behind, and examine the Solution for copper and lead, as 
well as for zinc and other metals of the fourth group, which may, 
in the same way as copper, have passed into the alkaline 
Solution, by the agency of organic matters. 
h, To test the alkaline fluid, which now also oontains some 219 
sulphide of an alkali metal, for mercury, which may be pre- 
sent, as its sulphide is soluble in sulphide of potassium, and 
for the metals of the sixth group, mix with a sufficient quantity of 
water, then with dilute nitric acid to acid reaotion, and if the fluid 
does not smell strongly of hydrosulphuric acid, add some more of 
the latter reagent 

cu No precipitcUe is formecL Absence of mercury and of the 
Oxides of the sixth group. Pass on to (220)* 

ß. A precipitate is f ormed, Filter, wash the precipitate, then 
examine it for mercury and the metals of the sixth group 
according to the directions of § 191. 

c. The fluid, acidifled with nitric acid, and therefore abun- 220 
dantly supplied with nitrates of alkalies, may still contain 
those meials which in uouibination with cyanogen form Com- 
pound radicals (iron, cobalt, manganese, chromium), and, besides 
these, also alumina. You have to test it also for cyanogen, respec- 
tively ferrocyanogen, cobalticyanogen, <ba, and for other acids. 
Divide it, therefore, into two portions, a and ß, Examine a for 
the acids according to the directions of § 199, or, as the case may 
be, § 200. (Cobalticyanogen may be recognised as such by its 
giving with salts of nickel greenish, with salts of manganese and 
zinc white precipitates, in which the presence of oobalt is revealed 
by fusing with borax.) 

Evaporate ß to dryness, and heat the residue to fusion. Pour 
the fused mass upon a piece of porcelain, boil with water, Alter, and 
examine the residue for iron, xanoanesb, cobaxt, and alumina. 
Test a portion of the fil träte (if yellow) for chromio acid, the 
remainder for alumina (which may have passed partially or com- 

* The aualyst must, of couree, avoid addiag Solution of hydroeulphurio aoid, or eon- 
ductlng bydro«ulphnnc acid gas into the fluid, until the mixture smells of the raagent 
(accordingly, until all the alkali present bas beeu converted into hydrosulpbate of 
sulphide of alkali metal), since this might lead to the precipitation also of the alumina 
which may be present in the alkaline Solution, and eren of sulpbidee of metals of the 
sixth group— a precipitation wbicb is not intended bere. 
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pleiely itito the Solution» through tbe agency of the eaostio alkaliei 
formed in the process of fusion from the nitrates of the alkalies 
preeent.) 

II. ANALTSJS of S1LICATB& 

§205. 

Whether the body to be analyzed is a Silicate or contains one, is ' 221 
ascertained by the prelimiuary examination with phosphale of 
soda and ammonia before the blowpipe ; since in the procees of 
fusion the metallic oxides dissolve, whilst the separated silicic acid floats 
abont in the liquid bead as a transparent s wollen mass (§ 150, 8). 

The analysis of the Silicates differa, strictly speakiug, from the common 
oourse only in so far as the prelirainary treatment is conoemed, whioh is 
xequired to effeet the Separation of the silicic acid from the bases, and 
to obtain the latter in Solution. 

The Silicates and double Silicates are divided into two distinct classes, 
which require respectively a diflfereiit method of analysis ; viz., (1) Sili- 
cates readily decomposable by acids (hydrochloric acid, nitric acidf, sol- 
phuric acid), and (2) Silicates which are not, or only with difficulty, 
decomposed by acids. Many minerals consist of mixtures of thQ two 
olasses of Silicates. 

To apcertain to which of these two clasHes a Silicate belongg, reduoe it 
to a very fine powder, and digest a portiou with hydrochloric acid at a 
temperature near the boiling-point If this failn to decompose it, try 
another portion by long-contiuued heating with a niixture of three parts of 
ooncentrated sulphnric acid and 1 part of water. If this also fails, after 
Bome time, to produce the desired efTect, the Silicate belongs to the 
second class. Whether decomposition has been efTected by tbe acid or 
not, may generally be learned from extemal indications, as a colored 
Solution forms almost invariably, and the separated gelatinous, flocculent, 
or fi nely-pulverulent hydrate of silicic acid takes the place of the original 
heavy powder which grated under the glass rod with which it was 
stirred. But whether the decomposition is complete, or extends only to 
oue of the components of this mineral, may be ascertained by boiliug 
the separated hydrate of silicic acid in a Solution of carbonate of soda. 
If perfect Solution ensnes, complete decomposition has been effected ; 
if not, the decomposition is only partial. The r&sult of these prelirai- 
nary tests will show whether tbe Silicate should be examined aocording 
to § 206, or to § 207, or to § 208. 

Before proceedingfurther,examinea portion of thepulverized componnd 
also for water, by heating it in a perfectly dry glass tube. If the sub« 
stance contains hygroscopic moisture, it must first be dried by protracted 
exposure to a temperature of 212^ F. Apply a gentle heat at first, bot 
ultimately an intense heat, by means of the blowpi])e ; you may al>o 
conveniently combine with this a preliminary examination for fluoriue 
(§ U6, 8). 

A. SlUCATES DECOMPOSABLE BT AciDS. 

§ 206. 

a. Süieaies decompoecthle hy hydrochloric acid or hy nitric acid* 

1. Digest the finely pulverized Silicate with hydrochloric acid «t 

* Nitric acid ib prdferable to hydrochloric acid in catea where oompoiuidi of alv«r 
or lead are preient. 
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a tomperature near the boiling-point, until compleie decbinpo- 222 
8ition is effeoted, filter off a imall portion of the flaid, evapoi-ate 
the remainder, together with the sUicic acid fnispended therein, to 
cirjiiec», and expoee the residue to a temperattire somewhat exceeding 
212° F., with oonstant stining, until no niore, or very few, hydroohlorio 
acid fames esoape ; allow it to oool, moisten the residue with hydro- 
caloric acid or, as the case may be, with nitric acid, afterwards add a 
little water, and heat gently for some time. 

This Operation eifects the Separation of the silicic acid, and the solu- 
tiou of the 4)a8e8 in the form of chlorides, or, as the case may be, 
nitratea Filter, wash the residue thoronghly, and examine the Solution 
by the common method, beginning at § 189, IL or III.* To be quite 
safe, the residuary silicic acid may be digested with ammonia, ültered, 
and the filtrate tested for silver, by supersaturation with nitric 
acid. 

2. As in Silicates^ and more particularly in thoee decomposed 223 
by hydrochloric acid, there are often found other aoids, as well ha 
metalloids^ the fullowing observations and instructions must be 
actended to, that none of these substances may be oTeiiooked : — 

o. SuLPHiDSS of METALS and OARBONATES are detected in the 
process of treating with hydrochloric acid. 

ß. If the separated silicic acid is black, and tums subsequently 
white upon ignition in the air, this indicates the presence of 
CARBON or of OKGANic SUBSTANCES. In presence of the latter, the 
Silicates emit an empyreumatic odor upon being heated in a glass 
tube. 

y. Test the portion of the hydrochloric acid Solution filtered off 
before evaporating for sulphuric acid, phosphoric actd, and 
ARSENic ACID — ^for sulphuric acid with chloride of barium, aft^r 
diluting with water; for arsenic acid by heating the Solution to 
158° Fab., oonducting sulphuretted hydrogen into it, and examining 
the precipitate formed ; for phosphoric acid with Solution of roolyb- 
date of ammonia in nitric acid. Where arsenic is found, the fluid 
filtere«) off the sulphide of arsenic is tested for the phosphoric 
acid, after the removal of the hydrosulphunc acid. 

^. BoRACic ACID is best detected by fusing a portion of the 224 
substance in a platinum spoon with carbonate of soda and 

* Minnte traces of titanic aoid are oocMionally met with in Silicates. If the Sepa- 
ration of the silicic acid bM be«n effected on the water- hntb, the flrreater part of the 
titanic acid passes into the hydrochloric add solntioo, whilst a small portion separates 
along with the silicic acid. The titanic acid is found in the following way : a. Heat 
the silicic acid repeatedly in a platinum dish with hjdrofluoric acid and nulphurio acid 
until the silica is completely remored as fluoride of Silicon, then eraporate to diyness. 
h. Precipitate the Solution with ammonia, filter, wash the precipitate (which containa 
alumina, sesquioxide of iron, &e., and the rest of the titanic acid), add to h the 
residue left in o, and fose the whole with a qoantity of acid sulphate of potassa suffi- 
cient to effect Solution ; continue heating until the sreater part of the exoees of 
sulphuric acid is renioved. Let the fused mass cool, dimoWe in cold water (which, if 
the Operation has been successful, and no more silicic acid remains, will effect complete 
Solution to a clear flaid) ; Altar if neoessaiy, dilute freely, transaiit sulphorsttad 
hydrogen gas thioogh the fluid nntil the wbole of the sesquioxide of iron prcsent is 
redaced to protoxide, mad ksep the fluid boUin^ half an hour, with constaot trana- 
mission of carbonio acid through it (withoat preriously filtering off the sulphui^. The 
titanic aoid will gradiMttT separate, the bues remaining in Solution (Tm, ScHnUB). 
Filter^ wash, ignite, and examine the naidoe finally aa direoted in 1 104, 10. 

s2 
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potassa, boiling tbe fused mass with water, and examiziing the k^ 
tion for boracic acid^by the method giTen in § 144, 6. 

e. With manj Silicates, boiling with water is suffioient to disolfo 
the metallio chloridbb present, which maj then be readilj deteotod 
in the filtrate bj means of Solution of nitrate of silver ; the tdai 
way, bowever, is to dissolve the mineral in dilute nitrio add, and 
test the Solution with nitrate of silven 

i, Metallic Fluorides, which often occnr in Silicates in gieti» 
or smaller proportion, are detected hj the method deseribed 
§ 146, 6. 
h. Silicates which renst the actum of hydrochlorie €»cid, bui are 
decompoaed hy concentrated stdphuric tusid, 

Heat the finely pulverized mineral with a mixture of 3 parts of 225 
concentrated pure sulphuric acid and 1 part of water (best in aplati- 
num dish), finally drive off the greater portion of the sulphuric acid, 
boil the residue with hydrochloric acid, dilute, filter, and treat the filtnte 
as directed § 190 ; and the residue, which, besides the separated silidc 
acid, may contain also sulphates of the alkaline earths, Ac, according to 
the directions of § 203. If jou wish to examiue Silicates of this cbs 
for acids and salt radicals, treat a separate portion of the substanoe 
according to the directions of § 207. 

B. SlUCATES WHICH ARE NOT DB0OHPO8ED BT AciDS.* 

§ 207. 

As the Silicates of this class are most conveniently decomposed 226 
by fusion with carbonate of soda and potassa, the portion so treated 
cannot, of course, be examined for alkalies. The analytical process 
is therefore properly divided into two principal parte, viz*, a portion of 
the Uiineral is examined for the silicic acid and the bases, with tbe ex- 
ception of the alkalies, whilst another portion is specially examined for 
tbe latter. — Besides these, there are some other experimenta required, to 
obtain inforraation as to the presence or absence of other acids. 

1. Detection of the silicic acid and the hases, with the exception of 
the alkcUies, 

Keduce the mineral to a very fine powder, mix this with 4 227 
parte of carbonate of soda and potassa, and heat the mixture in a 
platinum crucible over a gas or Berzeliv^ spirit-lamp until the mass 
is in a State of calm fusion. Place the red-hot crucible on a thick oold 
iron plate, and let it cool there ; this will generally enable you to remove 
the fused cake from the crucible, in which case break the mass to pieces, 
and keep a portion for subsequeut examination for acida. Put tbe 
remainder, or, if the mass still adheres to the crucible, the latter, with 
ite contente, into a porcelain dish, pour water over it, add hydrodiloric 
acid, and heat gently until the mass is dissolved, with the exoeption of 
the silicic acid, which separates in flakes. Bemove the crucible from 

* It will be underatood, from what has been steted § 205, that these an doI 
decomposed by heatiog with hydrochloric acid and sulphuric acid in cpen vessels ; 
but by beating them, reduced to a fine powder, in a sealed glass tube, with a mixture 
of 3 parts of concentrated sulphuric acid and 1 part of water, or with hydrochloric 
acid, to 391$'' or 410** Fab., most of them are decomposed, and may aooordingly be 
analyzed also in this manner (Al. Mitscuxslioh), 
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the dish if necessary, evaporate the oontents of the latter to drjnessy 
and treat the residue as directed (222)« 

2, Detection ofthe cUkcUiea, 

To effect this, the sUicates ander examination rnust be decom- 228 
posed by means of a substance free from alkaliea Hydrofluoric 
acid or a metallic fluoride answers this porpoee best ; bat fusion 
with hydrate of baryta will also aocomplish the ead in yiew. 

a. Decompositiok bt meanb of a metaluo Fluoride. — Mix 
1 part of the very finely pulverized mineral with 6 parts of flaoride 
of barium, or pure, finely pulverized fluoride of (»dcium, stir the 
mixture in a platinum crucible with conoentrated sulphuric acid to 
a thickish paste, and heat gently for some time in a place afifording 
a free escape to the vapors ; finally heat a litUe more strongly, 
until the exoess of sulphuric acid is completely expelled. Boil the 
residue now with water, add chloride of barium cautiously as long 
as a precipitate continues to form, then baryta- water to alkaline 
reaction, boil, fUter, mix with carbonate of ammonia and some 
ammonia as long as a precipitate forms, and proceed exactly 
as directed (168)* 

b, DeCOHPOSITION bt meanb of HYDRATE OF BARTTA. — Mix 229 

1 part of the very finely pulverized substance with 4 parts of 
hydrate of baryta, expose the mixture for half an hour in a 
platinum crucible to the strengest possible heat of a good Berzdius 
or gas-lamp, and treat the fused or agglutinated mass with hydro«- 
chloric acid and water until it is dissolved ; precipitate the Solution 
with ammonia and carbonate of ammonia, filter, evaporate to dry- 
ness, ignite, dissolve the residue in water, precipitate again with 
ammonia and carbonate of ammonia, filter, evaporate, ignite, and 
test the residue for potassa and soda as directed § 197. If the 
residue still oontains magnesia, this may be readily removed, by 
addiug to the aqueous Solution of the residue a little pure oxalio 
acid, evaporating to dryness, igniting the dry mass, then treating it 
with water, which will leave the magnesia andissolved. Filter, 
acidify the filtrate with hydrochloric acid, evaporate to dryness, and 
examine the residue for potassa and soda. 

3. £2xtmincUion for fitu/rine^ cfdorine, boracic add, phosphorie 
Ckcid, arsenic acid, and sulphuric add, 

Use for this purpose the portion of the fused mass reserved in 230 
(227)» or, if necessary, fuse a separate portion of the finely pulve- 
rized substance with 4 parts of pure carbonate of soda and potassa 
until the mass flows cfdmly ; boil the fused mass with water, filter the 
Solution, which contains all the fluorine as fluoride of sodium, all the 
chlorine as chloride of sodium, all the boracic acid as berate, all the 
sulphuric acid as sulphate, all the arsenic acid as arsenate, and at least 
part of the phosphorie acid as phosphate of soda, and treat the filtrate as 
follows :— 

a, Acidify a small portion of it with nitric acid, and test for 
CHLORiHE with nitrate of silver. 

6. Test another portion for boracio aoid as directed § 144, 6. 
& To eflect the detection of the fluorutb, treat a third portion 
of the filtrate as directed § 146, 7. 

d. Acidify the remainder with hydrochloric acid and test a small 
portion wiüi chloride of barium for suLPaUBiO acid; heat tho 
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retnainder to 158^ Fah., and test with hydrosulphuric «cid for 
ABSENic AOID. If no precipitate forma, evaporate the fluide if a 
precipitate forms, the filtrate, to dryness, test the residue with hydro- 
chloric acid and water, and examine the Solution for puobphobic acid 
with sulphate of magnetda, or with Solution of moljbdate of animouia 
in nitric aoid (§ 142). 

C. Silicates which abe pabtiallt decomposed by Acids. 

§ 208. 

Most of the natiye rocks and minerals are mixtnres of se^eral 231 
Silicates, of which some are ofben deoomposable bj aoids, others 
not. If such minerals were analjzed by tbe same niethod as the 
absolutely insolubie Silicates, the analyst would indeed detect all the 
elements present, but the analysis would affoitl no satis&ctory insight 
into the actual oomposition of the mineral. 

It is therefore advisable to examine separately those parts of the 
mineral which show a different deportment with acids. For this 
purpose digest the very finely pulverized mineral for some time wiUi 
kydrochloric acid at a gentle heat, filfcer off a smail portion of the 
Solution, evaporate the remainder to dryness, and expose to a temperature 
somewhat exceeding 212*^ Fah., with stirriug, until no more, or Tery little 
hydrochlorio acid vapor is evolved ; let the residue cool, mmaten it when 
oold with hydrochlorio acid, heat gently with water, and filter. 

The filtrate oontains the bases of that part of the mixed mineral which 
has been decomposed by the hydrochlorio acid ; examine this as directed 
(222)- Examine the portion first filtered off as directed in (223» y)> 
Test portions of the original substance for other acids as directed 
(224)* Boil the residue — which, besides the silicic acid separated from 
the decomposed portion of the Silicate, contains that part of the mixed 
mineral which has resisted the action of the hydrochlorio a<nd — ^with 
an exceas of Solution of carbonate of soda, filter hot, and wash, fint 
with hot Solution of carbonate of soda, finally with boiling water. Trtal 
the reeiduary undecomposed part of the mineral, thus freed from the 
admixed separated silicic acid, according to the instructions given in 
§ 207. In cases where it is of no consequence or intereat to effect 
the Separation of the silieic acid of the part decomposed by aoids, you 
may omit the troublesome oiieration with carbonate of soda, and maj 
proceed at once to the deoomposition of the residua 

III, Analtsis dp Natübal Watebs. 

§209. 

In the examination of natural waters the analytical procesa is 232 
simplified by the circurostance that we know from experience the 
elements and Compounds which are usually found in them. Now, 
although a quantitative analysis alone can properly inform us of the tnie 
nature and character of a water, since the differences between the 
various waters are principally caused by the different proportions in 
which the several constituents are respectively present, a qualitative 
analysis may yet render very good Service, especially if the analyat notct 
with proper care whether a rea^^ent produoes a faint or a diatiacdy 
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marked tnrbidity, a BÜght or & oopiotis precipitate ; sinoe these circani- 
stanoes will enable him to make an approzimate estimation of the relaÜTe 
proportions in whioh the several oonetituents are pMsent. 

I Beparate here the analjrsis of the common freni watera (epring-wateri 
well- water, brock- water, river- water, &c) from that of the mineral waters, 
in whioh latter we maj also inclnde sea-water ; for, althoagh no well- 
defined limit can be drawu between the two claases, still the analytical 
ezamination of the former is neoesaarily &r more simple than that of the 
latter, as the number of sabstances to be lodced foris mach more limited 
than in the case of mineral waters. 

A. Amaltbis op Fkbsh Watbbs (SpRUfo-WATtt, Wkll-wateb, 

Brook-watsb, River-watrb, &c). 

§ 210. 

We know from experience that the substances to be had regard 233 
to in the analysis of such waters are the foDowing :— ^ 

a, Bases : Potassa, soda, ammonia, lime, magnesia, protozide of 
iron. 

b, Acn>8, äc, : Salphuric acid, phosphoric acid, silicic acid, oarbonic 
acid, nitric aoid, nitrous acid, chlorine. 

C. OrOANIO MATTER& 

d, Mkchanicallt suspended 8UBSTAK0E8 : Clay, to. 
The fresh waters contain indeed also other constitaent» besides those 
enumerated here, as may be inferred from the origin and formation of 
Springs, &c.f and as has, moreover, been fully established by Ihe resiilts 
of analytical investigations ;* bat the qnantity of such constituents is so 
trifling that they esca)>e detection, unless hundreds of pounds of the water 
are sabjected to the analytical prooess. I therefore omit here the 
mode of their detection, and refer to § 211. 

1. Boil the carefully oollected water (1000 to 2000 grms.) in a 234 
glass flask or retort to one half. This generally prodaces a precipi^ 
tata Pass the flaid through a perfectly dean tilter (free from iron 
and lime), wash the precipitate well, after having removed the filtrate, 
then examine both as follows : 
a. ExammaUan of tke precipiUUe. 

The precipitate contaiiis those constitaents of the water 235 
which were only kept in solntion through the agency of free 
carbonic acid, or, as the case may be, in the form of bicar- 
bonates, vis., carbonate of lime, carbonate of magnesia, hydrated 
sesquioxide of iron (which was in Solution as bicutenate of prot- 
oxide of iron, and precipitates upon boiling as sesquioxide — if phos- 
phoric acid is present, also in combination with that acid), phosphate 
of lime— also silicic acid, and sometimes snlphate of Urne, if that 
substanoe is piesent in large proportion ; and clay which was 
mechanically suspended in the water. 

* Ckatin (*< Joam. de Pharm, et de Chim.," 8 S^. t. xxviL p. 418) Ibimd iodine in 
all freeh-water plaots, bat not in Und planU, a proof that the water of riven, brooks, 
ponds, &€., contaim tracee, ev«m thongh exlremely minnte, of metallio iodides. 
Accordiog to Marchand (*'Comp. Bend., t xxxu p. 495), all natural waten contain 
iodine, bromine, and lithia« Von Ankum htm deraonitrated the presence of iodine in 
«Imott all the potable waten of Holland. And it may be a£Rnned with the same oer- 
taioty that all, or at all evente most^ natund waten contain Compounds of itnmtii^ 
baryta, fluorine, fta 
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PiNfmlye tlie precipiUte on tbe fihcr in ik^ ^smc ^okt« rr? 
cif (iiltittt hydrochloric seid ( tffci ■Meenec ?^^^^f^ :ju ne: 
dt' cAKiMiNiu acid), Mid mix lepMBte portio^ oc saj£ »ii^- 

II. Wiih Bulpbocyanide uf 
«lioiittw th» preiieDoe of IROS ; 

fi. Al'ti3r provious boiling, «ith Ammoofii : iil^er if 2ms- B| 
luiry. mix tliu filtrate with oxalACe of axnm**GLk. %ad jX'X 
IUI xl IUI* Htaiid for Bome time in & wmrm plmcc Tbjs 
tinii iit'H wliite prccipitate indicates the prearoce oc 
Innn (if iiirboiiHte, or also in that of salphace if solz:Czr£ ik>^ 
(li*(irt«Nl in y. Filter, mix the filtrate ag^a viih.'Axai3LiB' 
Httiiio phiiiipliHto of soda, stir with a glaai rod, and iec :2tt3Lr7 

Nhiiiil loi* twulvu houra. Tbe formacion of a 

pircipiUiU*, whicli w oflen visible onlj on the äda ot '^ *^ 
whi*ii tli«) tliiiil iH |)ourod out, indicates the pr^aence cf maSSS^ 
(oiiilMiiiHti* uf); 

<). With Chloride of barinm, and let the mixtuz« ssvii' 
twolvo hiMirn in a warm place. The formation of a pReiiäi^t* 
whifli. if v«*ry inoonHidorable, is seen best if the sapemasusös 
lliiid IM miiti«mHly decanted, and the small qomntitr raoii^ 
hliiikiMi iilioiit in thü gliuui — indicates the preaence of scir 
riiruir Arii). 

(<. KviiiMM'iito another portion of the Solution to drmesi^ 231 
hviit tho »«Hitliuf with hyd roch lorio acid and wmter, äl»r. 
und {vni i\w liltnito for phonphoric acid with solntion of 
nHjvUlnto iif iininioiiia in iiitrio acid (§ 142, 10), or 
lirNiMlii und N(*H(]nichloride of iron (§ 142| 9). 
ft. Kitniihmtion o/the^filtraU. 

«I. Mix n ]K»i'tion of th<) filtrate withalittle hjdrochloric S3S 
iiiMil und olilorido of iNirium. The formation of a white 
]invipitut(% wliioh nmkoH it^ Hp|)earance at once, orperhac« 
onlv nftor NUniding Honio time, indicates sulpucric aciix 

/l Mix unotluT portion with uitric acid, and add nitrate cf 
hilvrr. A wltiu« ]ir4H.npituto or a white turbiditjr indicates tte 
piONonri« (»f (MII.01UNK. 

-> . Tont A )M)rtion of tho filtr.ite for Phosphor ic acid, bj sdfi- 
f)in^ witli liyditH^hlnrio ucid, und proceeding as in (237)- 

c^. Kva|ioruto another, hir^*r portion of the filtrate until hishlf 
eoiuMMitniUHl, and iv^i thu roaction of the fluid. If it ia alkaline, 
und 11 di-op of the concontriitttd clear Solution efifervesoes wfaen 
inixi*tl Oll u waU^h-gliiHH with u drop of acid, a carboxate of an 
ulkuli iH prt<M«nt. Should tliis l)0 the case, ovaporate the flaid to 
])ei ttna dryneHN, Ikiü thu residue with spirit of wine, filter, evapo- 
riite tlio uK'oholic Solution to drynos», dissolve the residue in s 
little wuter, und test thu Solution for nitric acid aa directed 
{ LOO, 7, Ö or 9.* 

f. Mix tho remainder of the filtrate with some chloride of am- 
111 Olli um, ammouia, and Oxalate of ammonia, and let the nixtore 
Htund Hom« time. The formation of a preoipitate indicates the 
preHonce of LIMB. Filter, and tent,— 

* Tliu iiilriu aoiil may often be foutid without trouble^ by eyaporating the water to 
% iinall n*siilue, »nd tosting tliJM at once für it ; in which oaie the abovo coune of pro- 
ceeding, wbiüb, tliuugh very occurate, in lomewhat roundabouti may be diepeuied widk 
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r aa. A small portion with ammonia and phosphate of soda 

! for HAONESIA. 

66. Evaporate the remainder to dryness, heat the reeidue to 
redness, remove the magne&ia which may be present (168)» 
and test for potassa and soda, according to the direo- 
tions of § 197. 

2. Acidify a tolerably large portion of the filtered water with 239 
pure hydrochloric acid, and evaporate nearly to dryness ; divide 

the residue into 2 parte, and, — 

a. Test the one part with.hydrate of lime for amhonia (§91, 3). 
6. Evaporate the other part to dryness, moisten the residue with 
hydrochloric acid, add water, warm, and filter if a residue remains. 
The residue may consist of siucic acid and, if the water has not 
been filtered quite clear, also of clat mechanically suapended in the 
water ; these two substances may be separated by boiling with Solu- 
tion of carbonate of soda. The precipitate is often dark-colored 
from the presence of organio substances ; but it becomes per- 
fectly white upon ignition. 

3. Mix another portion of the water, fresh taken from the well, 240 
«fec., with lime-water. If a precipitate is thereby produced, freb 
CAKBONic ACED or BICARBON ATES are prescut. If the former is pre- 

^ent (free carbonic acid), no permanent precipitate is obtained when a 
larger portion of the water is mixed with only a small amount of 
lime-water, since in that case soluble bicarbonate of lime is formed. 

4. Test for nitbous acid,* by mixing a portion of the water 241 
with Rome iodide of potassium starch-paste (made of 1 part of the 
purest iodide of potassium, 20 parts of starch, and 500 parts of 
water) and pure dilute sulphuric acid, and observe whether a blue colo- 
ratiou makes its appearance, either at once or, at least, afcer a few ^ 
miuutes (§ 168, 1). 

5. To detect the presenoe of organic matters, evaporate a por<* 242 
tion of the water to dryness, and gently ignite the residue : black- 
eniug of the mass denotes the presence of organic substances. If 

this experiment is to give conclusiveresults, Üie evaporation of the water, 
as well as the ignition of the residue, must be conduoted in a glass flask 
or a retort. 

6. Offensive substances, decaying organic matters, are detected best by 
filling a bottle two-thirds with the water, covering it with the band, 
shaking, and smelling. — If the smell is of sulphuretted hydrogen, proceed 
as directed § 212, 3. Whether there are other smelling organic mattem 
present besides, may be ascertained by adding a little sulphate of 
co])}>er to the water, before trying it by the sense of smelL 

7. Ifyouwishtoexamine the MATTERS MBCHAKICALLTSUSPBNDED 243 

in a water (in muddy brook or river-water, for instauce), fiU a large 
glass bottle with the water^ cork securely, and let it stand at rest 
for several days, until the suspended matter has subsided ; remove now 
the clear supematant fluid with the aid of a syphon, filter the remainder, 
and examine the sediment remaining on the filter. As this sediment 
may consist of the finest dost of varions minerals, treat it firat with 
dilute hydrochloric acid, then examine the part insoluble in that men« 
struum in the manner directed § 205 (Analysis of Silicates). 

« 
* SoHOVBzix foiind (bis acid in raiA- aod snow-water« 
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8. As oxide of lead may be present, ariaing from leaden pipes, treat a 
larger quantity of the water with siilphuretted hjdrogen, let stand for 
8ome tdme, and« should a black precipitate form, examine this as directed 
in § 193. To deteot verj minute traces of lead, acidifj 6 or 8 quarts of 
the water with acetio aoid ; add a little aoetate of ammonia, to preveut 
the lead precipitating as sulphate ; evaporate to a small residue, ülter, 
and conduct hydrosulphnric acid into the filtrate. 

B. Akalysis of Mineral Waters. 

§ 211. 

The analysis of mineral waters embraces a larger number of con- 244 
stituentB thanthatof fresh water. The following are the principal 
of the additional elements to be looked for : — 

Oxide of CuEstum, Oxide of Rubidium, Lithia, bartta, rtrontia, 

ALÜMINA, PROTOXIDE OF MANOANE8E, BORACIO ACID, BROMINE, lODINB, 
fXüORINE, HTDR08VLPHURIC ACID, [hTpofiulphurous acidj*, GRKNIC ACID 

and APOCRENic acid, [formic acid, propionic acid, &c, nitrogen gas, 
Qxjgen gas, light carburetted hjdrogen gas*]. 

%e analjst has moreover to examine the muddj ochreous or hard 
sinter-depoeits of the spring, or also the residue left upon the evapora- 
tion of very large qaanüties of water, for arsenious acid, arsekic acid, 

i'EBOXIDE OF AKTIMONT, OXIDE OF COPPER, OXIDE OF LEAD, PROTOXIDE OF 

COBALT, PROTOXIDE OF KICBLEL, and the oxides of other heavy metals. 
The greatevt care is reqnired in this examination, to ascertain whether 
these oxides come really from the water, and do not perhaps prooeed 
from metal pipes, stopcocks, &cf The absolute purity of the reageuts 
employed in these delicate investigations must also be ascertained with 
the greatest care. 

I. Examination of the Water. 

o. Operations at the Spring. 

§ 212. 

1. Filter the water at the spring, if not perfectly clear, throagh 245 
Swedish filter-paper, and collect the filtrate in lai*ge bottles with 
glass Stoppers. The sediment remainiug on the filter, which pos- 
aibly contains, besides the flocoulent matter suspended in the water, also 
those constituents which separate at ouce upon Coming in contact with 
the air (hydrate of sesquioxiae of iron, and Compounds of sesquioxide of 
iron with phosphorio acid, silioio acid, arsenic acid), is taken to the labo- 
ratory, to be examined afterwards according to the directions 
of§2i4. 

2. The presenoe of free oarbokic acid is usually sufficiently 246 
visible to the eye. However, to convince yourself by positive re- 
aotions, test the water with fresh-prepared Solution of litmus, and 

* Bespeoting the oonstitueiits in brackets, I refer to the correeponding chapter in 
my " Quantitative Analytiis" (§ 206, &c.), as the detection of these matten generally 
oomprises also their quantitative estimation. 

f Compare " Chemische Untersuchung der wichtigsten Mineralwasser des Hen^- 
thums Nassau," von Professor Dr. Fresenius ; I. Der Kochbrunnen zu Wiesbaden ; 
H. Die Mineralauellen zu Ems ; III. die QueUen zu Schlangen bad ; IV. die Quellen 
zu Langenscbv^albach ; V. die Schwefelquelle zu Weübach ; Tl. die Mineralquelle 
zu Geilnau ; VII. die neue Natronquelie zu Weilbach; pubiisheU at Wiesbaden, by 
Kriedelund Niedner. 1850—1800. 
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with lime-water. If carbonic acid is preaent, the former acquires a wine- 
red color ; the latter produoes turbiditj, which must disappear 
again upon addition of the mineral water in exoess. 

3. Free bydbobulphubio acid Ib most readily detected hy the 247 
smell. For this purpoee half fill a bottle with the mineral water, 
Cover with the band, shake, take off the haud, and smell the 
bottle. In thia waj diatinct traoes of hydroaulphurio aoid are ofben 
found which would escape detection by reagenta. However, if jou wiah 
to have aome visible reactious, fill a large white bottle with the water, 
add a few drops of Solution of acetate of lead in uolution of soda, place 
the bottle on a white snrfaoe, and look in at the top, to see whether the 
water acquires a brownish color or deposits a blackish precipitate ; — or 
half fill a large bottle with the water, and close with a cork to which is 
attached a small slip of paper, previousljr steeped in Solution of acetate 
of lead and then moistened with a little Solution of oarbonate of am- 
monia ; sbake the bottle gently from time to tinie, and observe whether 
the paper slip acquires a brownish tint in the course of a few hours. If the 
addition of the Solution of acetate of lead to the water has imparted a brown 
color to the fluid, or produced a precipitate in it, whilst the reaction with 
the paper slip gives no reeult, thiä indicates that the water oontains 

an fükaline sulphide, but no free hjdrosulphuric add. 

4. Mix a wineglass-full of the water with some tannic acid, 248 
another wineglass-full with some gallic acid. If the former imparts 

a red-violet, the latter a blue-violet color to the water, pbotoxide of 
IRON is present. Instead of the two acids, you may employ infusion of 
galls, which contains them both. The colorations make their appearance 
only after some time, and increase in inteusity from the top-*where the 
air acts on the fluid — ^towards the bottom part of the veaseL 

L Operations in ths Laboratort. 

§ 213. 

As it is always desirable to obtain even in the qualitative ezamination 
some Information as to the quantitative composition of a mineral 
water, t. «. as to the proportions in which the several oonstituents are 
contained in it, it is advisable to analyze a comparatively smaJl portion 
for the principal constitueuts, and to ascertain, aa far as may be prac- 
ticable, the relative proportions in which these oonstituents exist, and thus 
to determine the character of the water ; and then to examine a very 
large amount of the water for those Clements which are present 
only in minute quantities. For this purpose proceed as foUows : — 

1. £XAKINATION FOR TU08E OONSTITUENTS OF THE WATER WHICH 249 
ARE PRESENT IN LARGER QUANTITIES. 

a. Boil about 3 Ibs. of the clear water,*or of the filtrate, 
brought from the spring, in a glass flask for 1 hour, taking care, 
however, to add from time to time some distilled water, that the 
quantity of liquid may remain undiminished, and thus the Sepa- 
ration of any but those salts be prevented which owe their solu* 
tion to the presenco and agency of carbonic acid. Filter after an 
hour's ebullition, and examine the precipitate and the filtrate as 
directed § 210. 

b. Test for ammonia, silioic Acn>, organic matters, &a, by tho 
Uxeihods given in § 210. 



263 ANALTSIS Of KINBBAL WATE&S» 

2. EXAMINATIOK FOR TH08E TIXKD OOK8TITUENT8 OF THE WATEB ^50 
WHICH ARE PRB8ENT IN MIMUTE QUANTITIE8 ONLT. — Evaporate a 

lai'ge quantity (at least 20 Ibs.) of the water in a silver or porcelain 
dish to drynesB ; oondact this Operation with the most scrupulous clean* 
liness in a place as free as possible from dast If the water contains no 
carbonate of an alkali, add pure carbonate of potassa to slight predomi« 
nance. The procees of evaporation may be conducted at first over a gas- 
lampy but ultiinately the sand-bath must be employed. Heat the dry 
mass to yery faint redness ; if in a silver dish, you may at once pro- 
oeed to ignite it ; bnt if you have it in a porcelain dish, first transfer it 
to a silver or platinum vessel before proceeding to ignition. If the mass 
torns black in this prooesSi oroanic matters may be assumed to be 
present* 

Mix the residue thoronghly, that it may have the same composition 
throughout, and then divide it into 3 portions, one (c) amounting to 
about one-half, and each of the other two (a and b) to one-fourth. 

O. EXAMINATION FOR IBON AND PHOSPHORIO ACID. 

Warm the iK>rtion a with some water, add perfectly pure 251 
^ hydrochlorio acid in moderate exoess, digest for some time at 
a temperature near the boiling-poinl, filter through paper 
washed with hydrochlorio acid and water, and test. 

a. A sample for iron, by means of sulphocyanide of potassinm. 
/3. The remainder for phosphoric acid, by means of Solution 
of molybdate of ammonia in nitrio acid (§ 142, 10). 

b. EZAMINATION FOR FLUORINBL 

Heat the portion b with water, add chloride of calcium as 252 
long as a precipitate continuee to form, let deposit and filter 
the fluid from the precipitate, which consists chiefly of car- 
bonate of lime and carbonate of magnesia. Afler having washed 
and dried the precipitate, ignite it, then pour water over it in a 
small dish, add acetic acid in slight excess, evaporate on the water- 
bath to dryness, heat until all smell of acetic acid has disappeared, 
add water, heat again, filter the Solution of the acetates of the alka- 
line earths, wash, dry or ignite the residue, and test it for fluorins 
as directed § 146, 5. 

C. EXAMINATION FOR THE REMAINING CONSTITUENTS PRESENT IN 
MINUTE QUANTITIEa 

Boil the portion c repeatedly with water, filter, and wash 253 
the undissolved residue with boiling water. You have now 
a residue (a), and a Solution (ß), 

a. The residue consists chiefly of carbonate of lime, carbonate of 
magnesia, silicic acid, and — in the case of chalybeate Springs — 
hydrate of sesquioxide of iron. But it may contain also minute 
quantities of baryta, strontia, alumina, and protoxide of man- 
OANESE^ and must accordingly be examined for these substances. 

Pour water over a portion of the insoluble residue, in a platinum 
or porcelain dish, add hydrochlorio acid to slightly acid reaction, 

* This inferenoe ig, however, coireot only if the water has been effectaally protected 
from du8t duriog the prooess of evaporation ; if tbis haa not been the caae, and you 
yet wish to ascertain beyond doubt whether organio matten are prenent, evaporate a 
separate portion of the water in a retort. If you find organio matter, and with to 
ktiow whether it consiHts of orenic acid or of apocrenic acid, treat a portion of the 
rwiidue as directed § 214, 8. 
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then 4 or 5 drops of dilute sulphuric acid, evaporate to dryness, 
moisten withhydrochloric acid,theD add water, warm gently, 
filter, and waah the residue which is left aDdissolved. 

aa. EXAIONATION OF THE RESIDUE IN80LUBLK IN HY- 254 
DROCHLORIO ACID FOR BARTTA AND STRONTIA. 

Thia residue will generally oonsist of silicio aoid ; bat 
it may contain also sulphat^ of the alkaline earthsand carbon« 
If there is mach silicic acid preseDt, remove this in the first 
place, as far as practicable, by boiling with dilute Solution of 
soda ; filter, wash the residue, if any has been left, dry, in- 
Q cinerate the filter in a platinum crucible, add some carbonate 

of soda and potassa and, in presence of carbon, some nitrate of 
potassa, and heat for some time to fusion. If the residue cou- 
tains bat little silicic acid, the treatment with Solution of soda 
may be omitted, and the fusion with carbonate of potassa and 
sodia, &G,, at once proceeded with. Boil the fused mass with 
water, filter, wash thoroughly, dissolve the residue (which must 
have been lefb, if sulphates of the alkaline earths are present) 
on the filter in the le&<)t possible quautity of dilute hydro- 
chloric acid, add an equal volume of spirit of wine, then some 
pure hydrofluosilicio acid, and let the mixture stand 12 hours. 
if in the course or at the end of the 12 hours a precipitate 
makes its appearance, this denotes the presence of ba.rtta. 
Eilter, and warm the filtrate in a platinum dL»h, adding from 
time to time some water, until the spiiit of wine is quite driven 
ofL Mix the strongly concentrated fluid now with saturated 
Solution of Bulphate of lime. If this produces a precipitate, 
whether after a short time or afterseveral hours* standing, this 
precipitate consists of sulphate of strontia. To make quite 
sure, examine it before the blowpipe (see § 96, 7). 

The examination for baryta and stroutia may be mach facili- 
tated and shortened by the use of the spectrum apparatus. If 
you are in possession of an apparatus of the kind, ignite the 
remainder of the residue insoluble in water in a platinum 
crucible intensely over the blast, extract the ignited mass with 
a little water, filter, evaporate the filtrate with hydrochloric 
acid to dryness, and examine the residue by spectrum 
aiialysis (compare § 99). 

66. Examination of the htdrochloric aoid solu- 255 

TION FOR PROTOXIDE OF MANGANESE AND ALUMINA. 

Mix the Solution in a flask with some pure chloride of 
ammonium, add ammonia until the fluid is just turning alka- 
line, then some yellow sulphide of ammonium, close the flask, 
fllled to the neck, and let it stand for 24 hours in a moderately 
warm place. If a precipitate has formed at the end of that time, 
filter, dissolve the precipitate in hydrochloric acid, boil, add Solu- 
tion of potassa (§ 32 c) in excess, boil again, filter, and tent the 
filtrate for alumina^ with chloride of ammonium;* the residue 
with carbonate of soda before the blowpipe for manoanese. 

• You are not juatified in regardtng this rabsiance as an ingredient of the water, 
except in oueti where the prooeee of evaporation has been oondaoted in a platinum or 
silverdiBh, bat not in a porcelain dish. 
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ß, The alkaUne Solution oontains tbe salts of the alkaliei, 256 
and usoallj also magnesia and traoes of lime. Tou bave to 
examine it now for niteio acid, ' boracio Acii>y laoimM, 
BBOMiNS, and lithia. Bvaporate tbe fluid nntil highltf ooncen« 
tratedy let it cool, and place the dish in a Blanting poaition, tliat 
the small quantity of liquid may separate from the saline mass; 
transfer a few drope of the concentrated Solution to « watch-giaa^ 
by means of a glass rod, acidify very slightly vrith hjdrochkne 
acid, and test with turmerie-paper for boracio aciix Evaporate 
the whole contents of the dish, with stirring, to perfect dryness» 
and di%*ide the residuary powder into 2 portions^ one {fMa) 
of two-thirds, the other (66) of one-third. 

aa, EXAMINK THK LAROKB PORTION FOR NITRIC AOID^ 257 
JODINE, AND BROIONX. 

Put tbe powder into a flask, pour spirits of wine of 90 
per oent. orer it, boil on tbe water-bath, and filter bot ; repeat 
the same Operation a second and a tbird time. Mix the idcoholic 
extract with a few drope of Solution of potassa, distil the spirit of 
wine off until but little of it remains, and let cooL If minute 
crystals f^eparate, tbese may consist of nitrate of potassa ; pour 
off tbe fluid, wai*h ihe crystals with some spirit of wine, dia^ve 
them in a very little water, and test tbe Solution for nitric acid, 
best by means of indigo, or with bruda, or iodide of potaasium, 
starch-paste and zinc (§ 159). Evaporate the alcoholio Solution 
DOW to dryness. If you have not yet found nitric acid, dissolTS 
a small portion of the residue in a Tery little water, and examine 
the Solution for that acid. Treat the remainder of tbe residue 
or, if it has been unnecessary to search for nitric acid, the entire 
residue, tbree times with warm alcohol, filter, evaporate the fil- 
tmte to dryness, with addition of a drop of Solution of potassa, 
dissolve the residue in a very little wat^r, add some starch-paste, 
acidify slightly with sulpburic acid, and test for iodine by addiug 
some nitrite of potassa in Solution, or a drop of Solution of bypo- 
nitric acid in sulpburic acid.* After having carefully obeerved 
tbe reactions, test tbe same fluid for bromine with Chloroform or 
sulphide of carbon, and chlorine water in the manner described 
in § 157. 

66. Examine the silaller portion für uthia. 

Warm the smaller portion of the residue, which, if 258 
lithia is present, must contain that alkali as carbonate or 
phosphate, with water, add hydrochloric acid to distinctly 
acid reaction, evaporate neovrly to dryness, then mix with pure 
spirit of wine of 90 per cent, which will separate the greater 
portion of tbe chloride of sodium, and give all tbe lithia in the 
alcoholic Solution. Drive off the alcohol by evaporation and, if 
you have a spectrum apparatus, examine the residue with this 
for lithia (§ 93, 3). If you have no spectrum apparatus» dissolve 
the residue in water mixed with a few dropa of hydrochloric acid, 

* The nitric acid origioally prescDt may have been desiroyed by the ignition of the 
residue in (250)> if the latter contained organic matter. If yoa have reasoo to 
fear that such has been the caae, and you have not already round nitric add in 
(24G^> examine a larger portion oi non-ignited residue for that acid, aocording to the 
directions of (2Ö7)* 
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add a little sesquichloride of iron, tben ammonia in aligJU excess, 
and a small quantity of Oxalate of ammonia ; let the mixture 
stand for some time, then filter off the floid, which is now entirely 
free from phosphorio aoid and lime ; evaporate the filtrate to 
drynesH, and genily ignite the residue until the salts of ammonia 
are expelled; treat the residne with some chlorine water (to 
remove the iodine and bromine) and a few drops of hjdrochloriQ 
aoid, and evaporate to drynem ; add a little water and (to remove 
the magnesia) Bome finelj divided oxide of mercaiy, evaporate to 
dryneiiSy aud gently ignite the residne until the chloride of mer- 
cury is just driven off; treat the residue now with a mixture of 
ab(olute aloohol and anhydrous ether, filter tlie Solution obtained, 
conoentrate the filtrate bj evaporation, and set fire to the aloohoL 
If it bums with a carmine flame, ltthia is present. By way of 
confirmation oonvert the lithia found iuto phosphate of lithia 
(§ 93, 3> 

3. EXAHIKATION FOB TH08E CONSTITITENTS OF THE WATEB WHICH 
ARE PRESENT IN HOST MINUTE QUANTITIES ONLT. 

1. Evaporate 200 or 300 Ibs. of the water in a large perfectly 259 
clean iron vessel until the salts soluble in water begiu to separate. 

If themineral water containsno carbonate of soda,add suffioientof 

that Bubstance to impart a peroeptibly alkaline reaction to the fluid. 

After evaiK)ration filter the Solution off, wash the precipitate, without 

adding the washings to the first filtrate, and 

a Examine the preoipitate by the method given in § 214 for 
sinter deposits ; 

6. Mix the Solution with hydrochlorio acid to acid reaction, 
heat, just preoipitate the sulphuric acid which may be present 
with Chloride of banum, filter, evaporate the filtrate to dryness, 
digest the residue with alcohol of 90 per cent., and examine the 
Solution for CiESiUM and RUBiDixm according to the direo- 
tions of § 93, last paragraph. 

2. Test a portion of the original water for nitroüs aoid accord- 260 
ing to the directions of (241)* 1^^ the water oontains hydrosul- 
pliuric acid, this is removed first by very cautious addition of soroe 
aulpbate of silver (under no circumstances must silver salt be allowed 
to remain in Solution). 

II. EXAMINATIOK OF THE SiNTER-DkF08IT. 

§214. 

1. Free the ochreous or sinteivdeposit from impurities, by piekiog, 261 
sifting, dutriation, &o., and from the soluble salts adbering to it, by 
washing with water ; digest a large quantity (about 200 grammes) 
of the residue with water and hydrochlorio acid (effervesoence : car- 
BONio acid) until the soluble part is completely diasolved ; dilute, let 
oool, filter, and wash the residua 

Oi ßxamintUum o/theßänUa^ 

a. Heat the larger portion of the filtrate nearly to boüing^ 262 
and add gradually a Solution of pure hyposalpbite of soda 
until the whole of the sesquichloride of iron is oonverted to 
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protocbloride ; heat and conduct carbonic acid into the fluid untü 
the mixture smells no longer, or only veiy &intl7y of salphuroos 
acid. Then conduct hydrosalphnric acid into the unfiltered fluid, 
wfaich, if necessary, should preyionsljr be diluted« Ijet the fluid, 
now stand in a moderately warm place until it retaiDs onljr 
afaint smell of sulphoretted hydrogen, then filter and waaL 

Dbplace the washing water by 8trong aJoohol, and 263 
remove the gpreater part of the free Bulphur by digeation and 
washing wiüi solphide of carbon ; then warm the precipitate 
gently with some yellowish sulphide of ammonium, filter, wash 
with water containing sulphide of ammoninm, and evaporate the 
filtrate and washings in a small porcehdn dish to drynesa. Poor 
pure red fuming nitrio acid over the residue, warm nntil the 
greater part of the nitric acid is driven o£^ add earbouate of sodi 
in slight excess, then a little nitrate of soda, heat to fusion, treat 
the fused mam with cold water, filter, wash with a mixture of 
spirit of wine and water, and test the aqueous Solution for ABSKinc 
ACID (121) and (122)9 the residue for antimony, tut, and 
COPPER, by dissolving in dilute hydrochlorio acid, and testing cne 
half of the Solution in the platinum dish with zinc for antimonjr 
and tin (123)> ^be other half with ferrocyanide of potaa- 
sium for copper. 

If a residue has been lefl upon treating the precipitate 264 
produced by hydrosulphuric acid with sulphide of ammo* 
nium, wash, and remove from the filter by means of the 
washing bettle ; boil with a little dilute nitrio acid, filter, wash, 
and pour Solution of hydrosulphuric acid over the oontenta of the 
filter — that any sulphate of lead present may not be OTerlooked— 
then test for bartta and strontia as in (254)« Mix the filtrate 
(the nitric acid Solution) with some pure sulphuric acid, evapo- 
rate on the water-bath to dryness, and treat the residue with 
water. If this leaves an undissolved residue, the latter oonsists 
of sulphate of lead. To make quite sure, filter, wash the residue, 
treat it with hydrosulphuric acid water, and obaerve whether 
that reagent imparts a black color to it Test the fluid filtei^ 
from the sulphate of lead which may have separated, a with 
ammonia, b with ferrocyanide of potassium, for copper. 

Evaporate a portion of the fluid filtered from the preci- 265 
pitate produced by hydrosulphuric acid to dryness, treat 
the residue with hydrochloric acid and water, filter, and 
test the filtrate for phosphoric acid with Solution of molyb- 
date of ammonia iu nitric acid Mix the remainder in a flask 
with Chloride of ammonium, ammonia, and yellowish sulphide 
of ammonium, dose the flask, filled up to the neck, and let it 
stand in a moderately warm place until the fluid above the pre- 
cipitate looks no longer greenish, but yellow ; filter, and wash 
the precipitate with water to which some sulphide of ammonium 
has been added. Dissolve the washed precipitate in hydrochloric 
acid, and examine for cobalt, nickel, iron, mangakese, zinc 
ALUMINA, and siLicic ACID, according to the directions of (152) 
to (160)- — Examine now the fluid filtered from the precipitate 
produced by sulphide of ammonium for lime and Magnesia in the 
iiaual way. 
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ß. Mix a portion of the hydroohlorio acid Solution, considerably 
diluted, with ohlortde of barinm, and let the mizture stand 12 
hours in a warm place. The formation of a white predpitate in- 
dioates the preeence of sdlphubio aciix 
b, ExamiiuUion of the residue, 

This consists usuallj of silido aoid, claj, and organic mat- 266 
ters, but it may also contain sulphate of baryta and sulphate 
of strontia. Boil in the first place with Solution of soda or 
potassa» to dissolve the siLicio acid ; then fuse the residue with 
carbonate of soda and potassa, and a little nitrate of potassa. Boil 
the mass with water, wash the residue thoronghly, and dissolve it in 
soroe hydrochloric acid ; the silicic acid still present then separ 
i-ateSf add ammonia to the 61trate, filter again from the alümina, 
&c,, which may precipitate, evaporate the fil träte to dryness, gently 
ignite the residue, redissolve it in very little water, with addition of 
a drop of hydrochloric acid, and test for babtta and stboktia 
asdireoted (254)* 

2. As regards the examination for fluorine, the best way is to 267 
take for this purpose a separate portion of the ochreous or sinter- 
deposit Ignite (which Operation will also reveal the preseuce of 
organic matters), stir with water, add acetic acid to acid reaction, eyapo« 
rate until the acetic acid is completely driven off, and proceed aa 
directed (252)* 

3. Boil the ochreous or sinter-deposit for a considerable time 268 
with concentrated Solution of potassa or soda, and filter. 

€k Acidify a portion of the filtrate with acetic acid, add 
ammonia, let the mixture stand 12 hours, and then filter the fluid 
from the precipitate of alumina and hydrated silicic acid, which 
usually forms ; again add acetic acid to acid reaction, then a Solution 
of neutral acetate of copper. If a brownish precipitate is formed, 
this consists of apocrenate of copper. Mix the fluid filtered from 
the precipitate with carbonate of ammonia, until the green color 
has changed to blue, and warm. If a bluish-green precipitate is 
produced, this consists of crbnate of copper. 

b. If you have detected arsenic, use the remainder of the alkaline 
fluid to ascertain whether the arsenic existed in the sinter as 
ABSGNious ACID or as AB8ENIC ACID. Comparc § 134, 9. 

lY. Analtsis of Soil& 

§215. 

Soils mnst necessarily contain all the constituents which are found in 
the plants growing upon them, with the exception of those supplied by 
the atmosphere and the rain. When we find, therefore, a plant the con- 
Btituent Clements of which are known, growing in a certain soil, the 
mere fact of its growing there gives us some insight into the composition 
of that soil, and may accordingly save us, to some extent, the trouble of 
a qualitative analysis. 

Yiewed in this light^ it would appear quite superfluous to make a 
qualitative analysis of soils still capable of producing plants ; for it is 
well known that the ashes of plants contain almost invariably the same 
constituents, and the differences between them are caused principally by 
differenoes in the relative proportions in which the aeyeral oonstituents 

I. T 
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are preaent. Bnt if, in the qualitative analysis of « aoil, regmrd if M 
also— in so £Eir an may be done by a simple estimation — to the qnaotitiei 
and Proportion«! of the several oonstituent ingredienta^ aod to the iM 
and condition in which they are found to be preeent in the sofl, a 
analysis of the kind, if oombined with an examination of the phjdol 
properties of the soil, and a mechanical Separation of its oompoMil 
pari»,* may give most oseful results, enabling the analyst to judge nft* 
cieutly of the condition of the soll, to supersede the necesaitj of a^MMli- 
tative analysis, which would require much time, and is « far more diffieaft 
task. 

As plants oan only absorb substances in a State of solutioiiy it v i 
matter of especial importance, in the qualitative analysis of a acnl, to 
know which are the oontitituents that are soluble in water ;f which tho« 
that require an acid for their Solution (in nature principallj carimie 
acid) ; and, finally, which those that are neither soluble in water nor ii 
acids, and are not, aooordingly, in a position for the time being to afM 
nutriment to the plant. With regard to the insoluble subetanoea, attotfaer 
interesting question to answer is whether they suffer diaintegratiot 
readily, or slowly and with difficulty, or whether they altogether nüt 
the action of disintegrating agencies ; and also what are the prodods 
which they yield upon their düsintegration.^ 

In the analysis of soils, the constituents soluble in water, those 
soluble in acids, and the insoluble constituents, must be examiued sept- 
rately. The ezamiuation of the organic portion also demands a aepartta 
process. 

The analysis is therefore properly divided into the following foor 
parts: 

1. Freparation cmd Examination of the Äqtieous ExiracL 

§ 216. 

About two pounds (1000 grammes) of the air-dried soil are nsed 269 
for the preparation of the aqueuus eztract. To prepare this extract 

* With regard to the mechanical Separation of the component parts of a soily and the 
examination of its physical properties and chemical condition, compare Fr. SohnhB't 
paper, " Anleitung zur Untersuchung der Ackererden auf ihre wichtigateD physik- 
alischen Eigenschaften und Bestandtheile." — Journal f. prakt. Chemie^ VoL 47f 
p. 241 ; also Fresenius' ** Quantitative Analysis," § 258. 

t It was formerly univeraally aHSumed that substances soluble in water, or in 
water oontaining oarbonio acid, clrculated freely in the soil so long as there ezisted 
agents for their Solution ; but since it has been discovered that arable seil poosesiew 
in a similar manner to porous charcoal, the property of withdrawing from dilute 
Solutions the bodies dissolved in them, this notion is exploded, and we now know that 
arable soil will bind and retain with a certain force bodies otherwiae soluble — from 
which we oondude aooordingly that the aqueous extraot of a soil cannot be expected 
to contain the whole of the substances present in that soil in a State imroediately 
available for the plant. Keither oan we ex pect to find these matters in the aqueous 
extract in the same proportiou in which they are present in the soil, sinoe tbe 
latter will 'readily give up to water those 8ub<«tance8 in regard to whioh its power 
of absorption has been satlHfied, whilst it will more or less strongly retain others. 
But althougb, for this reason, the examination of the aqueous extract of a soil 
has no longer the same value as it was formerlj considered to have, yet it is stiU 
nseful to ascertain what substances a soil will actually give up to water. It is for 
this reason that I have retained the chapter on the preparation and examination 
of the aqueous extract. 

t For more ample Information on this subjeot, I refer tbe reader to Fresenius' 
" Chemie fUr Landwirthe, Forstmänner und Cameralisten ;*' published at Branswieky 
by F. Vieweg and äon, 1847, p. 486. 
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qnite clear is a matter of 8ome difficultj; in following the osual ooorse, viz., 
digodting or boiling the earth with water, and filtering, the fine particlee 
of day are speedily found to impede the Operation, by choking np the 
pores of the filter ; they also alraost inTrariablj render the filtrate turbid, 
at least the portion which passes through first. I have found the 
following method the most practioal.* Close the neck of sereral middle- 
sized fuunels with sniall filters of ooarse blottiug-paper, moisten the 
paper, press it close to the sidee of the funnel, and then introduoe the 
air-dried seil, in small lumps ranging from the size of a pea to that of 
a walnat, bat not pulverized or even crushed ; fill the funnels with the 
soil to the extent of about two-thirds. Pour distilled water into them, 
in snfficient qnantity to oover the soil ; if the first portion of the filtrate 
ia turbid, pour it back into the funnel. Let the Operation prooeed quietly. 
When the first quantity of the fluid has passed, fiU the funnels a second, 
and afler this a third time with water, and continue this prooess of 
lixiviation until the filtrates weigh twice or three times as much as the 
soil used. Collect the several filtrates in one vessel, and mix them inti- 
mately together. Keep a portion of the lixiviated soil. 

a. Strongly concentrate two-tbirds of the aqueous Solution 270 
by cantiou Jy evaporating in a porcelain dish, filter off a por- 
tion, and test its reaction ; put aside a portion of the filtrate 
for the subsequent examination for organic matters, according to 
the directions of (280)« Warm the remainder, and add nitric acid. 
Evolution of gas indicates the presenoe of an alkaline oarbonate. 
Then test with nitrate of silver for chlorikb. h, Transfer the 
remainder of the concentrated fluid, together with the precipitate 
which nsually forms in the process of concentration, to a small por- 
celain, or, which is preferable, a small platinum dish, evaporate to 
dryness, and cautiously heat the brownish residue over the lamp 
until complete destruction of the organic matter is effected. In 
presence of Nitrates this Operation is attended with deflagratinn, 
which is more or less violent according to the greater or smaller 
Proportion in which these salts are present. c. Test a small portion 
of the gently iguited residue with carbonate of soda before the 
blowpipe for manoanesb. d Warm the remainder with water, add 
Bome hydrochlorio acid (efferveecence indicates the presence of oar- 
BONic acid), evaporate to dryness, heat a little more strongly, to 
effect the complete Separation of the silicic add, meisten with hy- 
drochlorio acid, add water, warm, and filter. The washed residue 
generally oontaius some oarbonaoeous matter, also a little day — if 
the aqueous extract was not perfectly clear — and lastly siLicio acid. 
To detect the latter, make a hole in the point of the filter, rinse the 
residue through, boil with Solution of carbonate of soda, filter, 
saturate with hydrochloric add, evaporate to dryness, and treat 
the residue with water, which will leave the silicic add 
undissolyed. 

e. Test a small portion of the hydrochlorio add Solution 271 
with Chloride of barium for sulphurio acid ; another portion 
with Solution of molybdate of ammonia in nitric acid for 
PHOSPHORio ACID j a third portion with sulphocyanide of potasdum 

* BMommended by Fr. Schulze, " AnleitaDg' sor Untertnohang der Ackererdon 
aaf ihre wichtiff|iten phyeikaliaohen Eigenachalten ood Bevtandtheile." — Joum. f. 
piuki. Chemie, Y«L 47, p. 241. 
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for 8KSQUI0XIDX OF IBON. Add to ihe remainder a few drop i 
seaqoichloride of iron (to remove ihe phosphoric mfad\ Ünim* 
xDonia cautiously until the fluid is slightlj alkalin«^ wamtM 
filter, throw down the umb from the filtrate bj meMis of «ahn 
of ammoniA, and proceed for the deteoiion of iCAcan&siA» rouMi 
and SODA, in the oaual waj, atrictlj aooording^ to the dirao- 
tions of § 196. 

/, Alumina is not likely to be found in the aqneoiis ei- SR 
tract. (Fr. Schuhse never found anj.) Howeyer, if jin ,^^ 
wiah to test for it, boil the ammonia predpitate obtainad 
^ « (271) vith pure Solution of soda or potasaa^ filter^ and 
teat the filtrate with chloride of ammoniunu 

g. If you have detected iron, test a portion of the lemainiog SR 
ihird of the aqueous extract with ferricyaüide of potaaaiiiiiH 
another with sulphocyanide of potaaaium, both after pi^viooi 
addition of some hydrochloric aoid : this will indicate ibe depM 
of oxidation in which the iron is preaent Mix the i^maindar 4 
the aqueous extract with a little sulphuric aoid, evapomte ob fti 
water-bath nearly to dryness, and test the residne for AViCQSiit ^ 
adding hydrate of lime. 

2. Freparation and JSkavminaUan <ifth$ Äeid Sgc^racL 

§217. 

Heat about 50 grammes of the soil from which the part solable 274 
in water has been removed as far as practicable* (see § 216), with 
nioderately streng hydrochloric acid (efiervescenoe indicates gaa- 
BONio acid) for several hours on the water-bath, filter, and make th« 
following experiments with the filtrate, which, owing to the prveuK 
of sesquichloride of iron, has in most cases a reddiah-yellow 
color : — 

1. Test a araall portion of it with sulphocyanide of potasaium 27S 
for SESQUioxiDE OF IRON, another with ferrocyanide of potasaium 

for PROTOXIDE OF IRON. 

2. Test a small portion with chloride of barium for suiiPHxnuo agd)^ 
another, afber Separation of the silicic acid with Solution of molyb- 
date of ammonia in nitric acid, for phosphoric acid. 

3. Mix a larger portion of the filtrate with ammonia to neutrar 276 
lize the free acid, then with yellowish sulphide of ammonium ; let 

the mixture stand in a warm place, in a flask fiUed up to the neck, 
until the fluid looks yellow ; then filter, and test the filtrate in the 
usual way for lime, Magnesia, potassia, and soda. 

4. Dissolve the precipitate obtained in 3 (276) ^^ hydrochloric 277 
acid, evaporate the Solution to dryness, meisten the residue with 
hydrochloric acid, add water, warm, filter, and examine the filtrate 
according to the directions of (150)» for iRON, manganese^ alumika, 
and, if necessary, also for lime and magnesia» which may have been 
thrown down by the sulphide of ammonium, in combination with phos- 
phoric acid. 

5. The separated siucic acid obtained in 4 is usually colored 
by organic matter. It must, therefore, be ignited to obtain it pure. 

* Complete liximiion b generally impraotiosbkb 
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6. If it is a matter of inierest to asoertain whether tbe hydro« 
ehloric acid extraot eontains arsskio aoib, oxidb of coppcit, Ac, £78 
treat the remainder of the solation fint with sulphite of soda, 
then with hjdrosulphtirio aoid, as directed in (262) to (264)* 

7. Should you wish to look for fluordtb, ignite a fi^h portion of the 
earth^ and then prooeed aocording to the directions of (q30)* 

3. Examinaiion qflhe Inorganic Constüuenta imoltMe in WcUer 

<md Äcids, 

§ 218. 

The Operation of heating the lixi^iated soll with hjdrochloric 279 
acid (274) leaves still the greater portion of it nndissolved. If you 
'wish to subject this nndissolved residue to a chemical examination, 
'wash, dry, and sift, to separate the large and small stones from the 
clay and sand ; moreover, separate the two latter fh>m each other by 
elutriation. Subject the several portions to the analytical process giveu 
for the Silicates (§ 205). 

4. EoccuninaUon qfthe Organic C<m$tüuent$ ofthe SaiL* 

§219. 

The organic oonstituents of the seil, which exercise so great an infla- 
enoe upon its fertility, both by their physioal and chemical aotion, are 
partly portions of plants in which the structiire may still be recognised 
(fragments of straw, roots, seeds of weeds, <feo.), partly produots of Tege^ 
table decomposition, which are nsually called by the general name of 
HDifUS, bat differ in their oonstituent Clements and proper ties, according 
to whether they result from the decay of the nitrogenons or non-nitro- 
genons parts of plants — whether alkalies or alkaline earths have or have 
not had a share in their formation — whether they are in the incipient or 
in a more advanced stage of decomposition. To separate these sereral 
component parts of humus would be an exceedingly difficult task, which, 
moreover, would hardly repay the trouble ; the following Operations are 
amply sufficient to answer all the purposes of a qualitative analysis of 
the organic oonstituents of a soiL 

a. Examination ofths Orgamc SuhaUmcea aolubU in Water. 

Evaporate the portion of the filtrate of (270) which has been put 280 
aside for the purpose of examining the organic oonstituents, on the 
water-bath to perfect dryness, and treat the residue with water. 
The ulmic, humic, and geic acids, which were present in the Solution in 
combination with bases, remain nndissolved, whilst crenic acid and 
apocrenic acid are diasolved in combination with ammonia; for the 
manoer of detecUng the latter aoids^ see (268)* 

b, Treatment with an Älkalifie Carbcnate, 

Dry a portion of the lixiviated soll, and sift to separate the 281 
fragments of straw, roots, Ae., together with the small stones, fh>m 
the finer parts ; digest the latter for leveral bours at a tempera- 

* Compare Fresenius' " Chemie fflr Landwirihe, ForstmÜnner nnd Camenlisten ;" 
publiahed at Bninswiekj by F. Yieweg aod Sod, 1847, |8 282^285. 
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tnre of 176*— 194* F^ with aolatioii of earbonate of aodt, and filtft 
Mix the filtimle with hjdrochlorio acid to aoid reaction. If brovD flib 
sefMumte, theae prooeed from olinio acid, hamio aoid, or geio «dd Ik 
Imrger the qiuuititj of olmio «cid present ihe lightar, the iMgvthilaf 
hnmic acid or geic acid, the daiker the brown color <»f the ßakoL 

e, IVeaifneni wUh Claiuiiie AlkaiL 

Waah the soil boiled with Solution of oarbonate of soda (&) with SB 
water, boil seyend honni with Solution of potaasa» replaisuig the 
^-ater in proportion as it evaporates» dilate, filter, and waih. 
Treat the bruwn fluid as in 6. The nlmic and humio acids vtiek 
separate now, are new producta resulting finoni the action of bailiii| 
Solution of potassa npon the ulmine and humine originally present 

Y. Detectioh of Ixoroakic Sübstancbb nr I^bmskmce or 

Orgahio Substakcbs. 

§ 220. 

Tlie impediments which the presenoe of ooloring, sHmj, and otiur (f* 
gauic subätances throw in the way of the detection of inorganic bodio^ 
aud that the latter can often be effected only after the total destnctioi 
of the organic admixture, will be readilj conoeived, if we refleot that in 
dark colored fluids changes of oolor or the formation of precipitatn 
e»cape the eye, that slimy fluids cannot be filtered, &o. Now, as Um« 
difliculties are very oflen met with in the analysis of medioinal sab- 
stances, and more especially in the detection of inorganic poisons in 
articles of food or in the contents of the stomach, and, laatlj, also in thi 
examination of plants and animals, or parts of them, for their inorgame 
constitnents, I will here point out the processes best adapted to lead to 
the attaiument of the object in yiew, both in the general way and in 
special 



1. General Btdesjbr the Detection qf Inorganic Suhstancea in Presaueaf 
Organic Mattere, which hy their Colar, Consistence^ d^c, itnpede tie 
Application of the Beagents, or obscure the Beactiona producedL 

§ 221. 

We oonfine ourselves here, of course, to the description of the most 
generally applicable methods, leaving the adaptation of the modificatiuns 
which circumstances may require in special cases to the disoretion 
of the analyst. 

1. The substakce under examination dissolyes in wateb, but 283 
the solution is dabk-colored ob of slimt oonsistencb. 

a. Heat a portion of the Solution with hydrochloiic acid on 

the Vater-bath, and gradually add chlorate of potassa nntil the mix- 
ture is decolorized and perfectly fluid ; heat until it exhales no 
longer the oder of chlorine, then dilute with water, and filter. £x- 
amine the fil träte in the usual way, commencing at § 190. Compare 
also § 225. 

b, Boil another portion of the Solution for some time with niiric 
aoid, Alter, and test the filtrate for silyeb, potassa, and hydbo- 
CHLORio AOID, If the nitiic acid succeeds in eflecting the leady 
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and oomplete destrucfcion of the ooloring and slimy matten, &c, 
thiB method is often altogether preferable to all others. 

c. Alumina and sesquioxide of chromium might esoape detec- 
tioD bj this method, because ammouia and Bulphide of ammonium 
fidl to preoipitate these oxides from fluids containing non-volatile 
organic substanoes. Should you have reason to scupect the presenoe 
of these oxidea, mix a third portion of the substance with carbonate 
of soda and chlorate of potassa, and throw the mixture graduallj 
into a red-hot cruoible: Let the maas cool, then treat it with water, 
and examine the Solution for chromic acid and alumina, the 
residue for alumina (§ 103). 

2. BOILIKQ WATEB FAILS TO DISSOLYE THfi SUBSTAKCE, OB EFFECTS 284 
OKLY PARTIAL SOLUTION ; THE FLUID ADMITS OF FILTRATION. 

Filter, and treat the filtrate either as directed § 189, or, should 
it reqiiire decoloration, aocording to the directions of (283)- ^^ resi- 
due may be of various kinds. 

a. It is fattt. Remove the fatty matter by roeans of ether, 
and should a residue be left, treat this as directed § 175. 

b. It 18 RESiNOUS. XJse alcohol instead of ether, or apply botb 
liquids sucoessively. 

c It is of a different natüre, e.g., woody fibre, &c 

a. Dry, and ignite a portion of the dried residue in a porcelain 
or platinum vessel until total or partial incineration is effected ; 
boil the residue with nitric acid and water, and examine the solu* 
tion as directed (109) ; if & residue has been left, treat this ao- 
cording to the directions of § 203. 

ß. £xamine another portion for the heavy metals, and for acidf«, 
as directed in (283 ^^^ 284) — sinoe with the method given in 
a arsenic, cadmium, zinc, &c., may volatilize, besides the Com- 
pounds of mercury which may be present. 

y. Test the remainder for ammonia, by triturating it to« 
gether with hydrate of lime. 
3. The substance does not admit of Filtration or ant other 285 
xbans of separating the dissolybd ffiom the undissolyed part. 
Treat the substance in the same manner as the residue in (284)* 
As regards the oharred mass (284) c, a, it is often advisable to boil the 
mass, carbonized at a gentle heart, with water, filter, examine the filtrate, 
wash the residue, incinerate it, and examine the ash. 

2. Detectwn of Inorganic Poiaons in Artides of Food^ in Dead 
ßodies, dtCf in Chem,ico4egal Ca8es,* 

§ 222. 

The ohemist is sometimes called upon to examine an article of 286 
food, the Contents of the stumach of an individual, a dead body, 
dcc, with a view to detect the presence of some poison, and thus to 
establish the £eu^ of a wilful or accidental poisoning ; but it is more ßre- 
quently the case that the question put to him is of a less general nature, 

* Compare : a. FreMniofl, "die Stellnngdet Cbemiken bei geriohtlich-ohemiBcben 
Untenuchangen,** &c. (AnnaL der Chemie and Phann. 49, 275) ; and 6. Freeeniua 
and ▼. Babo*i **Abbandlunff über ein neoes, nnter allen Umatäaden sioberes Ver- 
fahren sar Auimittalang und quantitativen Beeümmang des Arsens bei Yergiftaags* 
fiUlen.**— Anaal« der Chemie und Pharmacie^ 49, 287. 
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and tbat lie is oalied upon to deiermine wbether a oeriaiii sabstenoa pheed 
before him contains a metaUic poison ; or, more pointedlj atilly wbetber 
it coatains arsenic or hydrooyanio acid, or some other partieiÜAr poina— 
as it maj be that the Symptoms point clearly in the direction of tkt 
poison, or that tbe examining magistrate haa^ or believea he hn^ hm 
other reason to put tbia questiou. 

It is obvious that the task of the cbemist will be the ettaier, the non 
special and pointed the question which is put to him. HoweTcr, tki 
analyst will always act moet wisely, even in caaes where he is simplj 
requested to State wbether a certain poison, ß.g.f anenioy is präsent or 
not, if he adopts a oourse of prooeeding which will not onlj pennit tfae 
detection of the one poison specially named, the preaenoe of which mij 
perhaps be suspected on insufficient grounds, but will moraoyer infixa 
him as to the pretsenoe or abnenoe of other similar poiaona. 

But we must not go too far in this direction either ; if we wera to 
attempt to devise a method that should embraoe aU poisona, we mighl 
nnquestionably succeed in elaborating such a method at the writing- 
desk ; but practica! experience wouid but too speedily convinoe as th^ 
the intricate complexity inseparable from such a oourse, mnst neoeastrilj 
im|)ede the easy execution of the process, and inipair the certaintj of tbe 
results, to such an extent indeed, that the drawbacks woold be grester 
than the advantages derivable from it. 

Moreover, the atteudant oiixsumstances permit uaoally at least s 
tolerably safe infereuce at» to the group to which the poison belongk 
Acting on these views, 1 give here, — 

1. A method which ensures the detection of the minatest traoes of 
arsenic, allows of its quantitative determination, and permita at the sams 
time the detection of all other metallic poisona 

2. A method to effect the detection of hydrocyanic acid, whioh leaves 
the substance still fit to be examined both for metallic poiaona and for 
vegeto-alkalies. 

3. A method to effect the detection of phosphorus, which does not 
interfere with the examination for other poisona 

This Section does not, therefore, profess to supply a oomplete gnide ia 
every possible case or oontingency of chemico-legal inveatigationa. But 
the Instructions given in it are the tried and proved resnlta of mj own 
practice and experience. Moreover, they will geuerally be found snffi- 
cient, the more so as in the Section on the vegeto-alkaliea, I give the 
description of the best processes by whioh the detection of these latter 
poisous in criminal cases may be effected, 

I. Method for the DETEcnoN of Arsenic (with dub Regard to 

THE P0S8IBLE PrESENCE OF OTHER MeTALUO PoISONB). 

§ 223. 

Of all metallic poisons arsenic is the most dangerous, and at the 287 
same time the one most frequently used, more particularly for the 
wilful poisoning of others. And again, among the Compounds of 
arsenic, arsenious acid (white ardenic) oocupies the first place, because— , 
(1) It kills even in small doses ; (2) It does not betray itself, or at least 
very slightly, by the taste : and (3) It is but too readily procurable. 

As arsenious acid dissolves in water only sparingly and— on aoooont 
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of tlie difficultj with whioh moistare adheres to it— very slowly, the 
greater portioa of the quantitj swallowed exists usually in the body 
still in the undissolved State ; aa, moreover, the smalletit grains of it 
may be readily detected by means of an exceedingly simple experiment ; 
aud lastly, as — no matter what opinion may be entertained about the 
normal presence of arsenio in the bones, dsc. — this mach is certain, that 
at all events a/rsenioua acid in graina or povoder is uever normally present 
in the body, the particular care and efforts of the analyst ought always 
to be directed to the detection of the arsenious acid in sabstance — and 
this end may indeed usually be attained. 

A» Mithodfor the Detection of undisaolved Ärseniotia Acid. 

1. If you have to examine some article of food, substances re- 288 
jected from the stomach, or some other matter of the kind, mix the 
whole as uniformly as may be practicable, reserve one-third for un- 
foreseen contingencies, and mix the other two-thirds in a poroelain dish 
"with distilled water, with a stirring rod ; let the mixture stand a little, 
then pour off the fluid, together with the lighter suspended partides, into 
another poroelain dish. Bepeat this latter Operation several times, if pos- 
sible with the same fluid, pouring it from the seoond dish back into the 
tirst, &c Finally, wash onoe more with pure water, remove the fluid, as 
far as practicable, and try whether you can find in the dish small, white, 
bard grains which feel gritty and grate under the glass rod If not* 
proceed as directed § 224 or § 225, £ut if so, put the graius, or part 
of them, on blotting-paper, removiug them from the dish with the aid 
of pincersy and try the deportment of one or several grains upon heating 
in a glass tube, and of some others upon igoition with a splinter of char- 
coal (compare § 132, 2 and 11). If you obtain in the former experiment 
a white crystalline Sublimate, in the latter a lustrous arseuical mirror, 
the fact is clearly demonstrated that the grains selected and examined 
cunsisted really of arseoious acid. If you wish to determine the 
quantity of the poison, or to test for other metallic poisons, unite the 
Contents of both dishes, and proceed as directed § 224 or § 225. 

2. If a stomach is submitted to you for analysis, empty the Contents 
into a porcelain dish, tum the stomach inside out^ and (a), searoh the 
inside coat for small, white, hard, Sandy grains. The spots occupied by 
such grains are often reddcned ; the grains are also frequently found firmly 
imbedded in the membrane. (6) Mix the Contents in the dish uniformly, 
put aside one-third for unforeseen contingencies, and treat the other 
two-thirds as in 1. The same oourse is pursued also with the intestines. 
In other parts of the body — with the exception perhaps of the pharynx 
and Oesophagus — arsenious acid oannot be found in grains, if the poison 
has been introduoed through the mouth. If you have found grains of 
the kind described, examine them as directed in 1 ; if not, or if you wish 
to test also for other metallic poisons, proceed acoording to the inatruo* 
tions of § 224 or § 225. 

JB. Meihod of detecting aolubh Araenical and other Metallic Compounds 

by tneaaie of Dialyeia, 

§ 224. 

If method A has fidled to show the presence of arsenious acid 289 
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deptH of half-an-inch at the most. The dialyser is then floated iu a 
basin containing about 4 times as much water as the fluid to be dialysed 
aroouuts to. After 24 honrs the one-half or three-foiirths of the crys- 
talloid substances will be found in the extemal water, which generally 
appears colorless. Concentrate this bj evaporation on the water-bath, 
acidify with hydrochloric acid, treat with sulphuretted hydrogen, and 
^'prooeed generally as directed in § 291, &c If an arsenical Compound 
Boluble in water (or some other solnble metallic salt) was present, the 
oorresponding sulphide is obtained almost pure. By floating the dialyser 
Buocessively on fresh snpplies of water, the whole of the crystalloid sub- 
stances present may finally be withdrawn from the mass. When this 
has beeu accomplished, ezamine the residue for metallic Compounds 
insoluble in water, as directed in § 225. 

C. MühodfoT ihe Detection o/Araenic in whcUever Form of CofnJbination 
ü inay exist, which aUows dUo a QttarUitcUive Determination of that 
Poison, and permits <U the eame time the Detection of other MetaUio 
Foieona which may be present,* 

§225. 

If you have found no arsenious acid in substance by the method 
described in A^ nor a soluble arsenic Compound by dialysis, evaporate 
the mass in the porcelain dish, which has been diluted by washing 
with water (see A, 1), on the water-bath, to a pasty consistence. If yoti 
have to analyze a stomach, intestinal tube, &o,f cut this into pieces, and 
add two-thirds to the mass in the dish, if this has not been done already 
iu the process of dialysia 

In examining other part« of the body (the lungs, liver, &o,), cut them 
also into small pieces, and use two-thirds for the analysis. The prooesa 
is divided into the following parts.t 

I. DecoJoration and Solution. 

Add to the matters in the porcelain dish, which, by way of 290 
illustration, may amount to from 4 to 8 ounces (120-240 grm.), an 
amount of pure hydrochloric acid of 1*12 sp. gr., about equal to or 
somewhat exceeding the weight of the dry substances present, and suffi- 
cient water to give to the entire mass the consistence of a thin paste. 
The quantity of hydrochloric acid added should never exceed one-third 
of the entire liquid present Heat the dish now on the water-bath, adding 
every ^ve minutes about two grammes (half a drachm) of chlorate of 
potassa to the hot fluid, with stirring, until the Contents of the dish show 
a light-yellow color and a perfectly homogeneous appearance, and are 
quite fluid ; replace the evaporating water from time to time in this 
process. When this point is attained, add again a portion of chlorate 
of potassa, and then remove the dish from the water-batL When the 
Contents are quite cold, transfer them cautiously to a linen strainer or 

* ThiB method \b essentUlly the same ai tbat which I have elahorated and published 
in 1844, jointly with L. v. Babo ; conipare " Annal. der Chemie und Pharmaoie,'* 
£d. 49, p. 308. I have since that time bad frequent occasion to apply it ; I have also 
had it tned by othen, under my own inspection, and 7 have invariably found ü to 
answer the purpote perfectly, 

t I think I need hardly obflenre tbat in such eztremely delicate experiment« the 
Tessels and reageots used in tlie procesfi must be perfectly free from araeuic, from 
heavy metala in general, and indeed from every impurity. 
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een träte ihe filtrate and wafihing<i eomewhat, mix ihe fluid in a pmper» 
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(307). 

3. Par\fic(Uum of tlie PreeijntcUe produced hy Hrfdrondphurie 292 

Äcid, 

Tlioroughly dry ihe precipitate obtained in 2 — which, beeidea 
orgimio niatters and free sulphur, must contain, in form of ieivalphid«^ 
ilin wliulo of the anmiic present in the analyzed subeiance, as well ai^ in 
form of Hulphides, all the metalH of Groups Y. and YI. which maj hapfien 
io Im» prenutii — togethor with the Alter, in a small porcelain diah, hei^fced 
on the water-bath ; add pure fuming nitric acid (perfectlj free from 
chlorino), drop by drfip, until the mass is completely moisiened, ihen 
evti]K)rHto on tho wator-bath to dryness. Moisten the residue nniformly 
all over with pure conoentrated sulphuric acid, previoualy warmed ; then 
heat for two or three houni on the water- bath, and finally on the air> 
land- or oil-bath at a Aoniewhat higher, though »tili moderate tempermiore 
(338" Fnh.), until the charrod mabs bccomes friable, and a small sample of 
it — to be rctumed afterwaixls to the mass — when mixed with water and 
thun allowed to subside, givei a colorless fluid ; should the fluid aianding 
ovor the Sediment show a brownish tint, or the residue, instead of being 
friable, oonsist of a browu oily liquid, add to the mass some cuttings of 
])uro Swedish Alter ing-})aper, and coutinue the applioation of heat. Bj 
attcnding to theee rules you will always completely attaiu the object in 
viow, viz., the destruction ofthe orgauic substances, without loss of any 
of the metals. Warm the residue on the water-bath with a mixtnre of 
8 parts of water and 1 pari of hydrochloric add, filier« wash the undia* 
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Bolved part thorougbly with bot, distilled water, witb addition of a little 
hjdrochlonc acid, and add the waabingB, which must be conoentrated if 
neoessaiy, to the filtrate. 

Pry the washed carbonaceous residne, then mark it IL, and re* 
wrve for further examination according to the Instructions given 

in (304). 

4. Pbeliminart Examikation for Arsenic akd otheb Metallio 293 
PoisoNS OF Groups V. AND VI. (Second Precipitation with 
HydroBulphuric Acid.) 

The clear and colorless or, at the most, somewhat yellowish fluid ob« 
tained in 3 coutains all the arsenic which maj bave been present, in form 
of arseniouB acid, and maj contain also tin, antimony, mercury, copper, 
bismuth, and cadmium. Supersaturate a small portion of it oautiously 
and gradually with a mixture of carbonate of ammonia and some am- 
monia, and observe whether a precipitate is produced. Aoidify tha 
Bupei-saturated sample of the fluid with hydrochloric acid, which will 
redissolve the precipitate that may have been produced by ammonia ; 
then return the sample to the fluid, and treat the latter with hydro* 
sulphuric acid in strict accordance with the directions of (291)* 

This process may lead to three diflerent results, which are to be 
carefttlly distinguished. 

a. Tfie hydrosulphuric cicid fails to produce a precipitate ; 294 
but subsequently, afber the fluid treated as directed in (291) 
has stood for some time, a trifling white or yellowish-white 
precipitate separates. In this case probably no metals of Groups 
y. aiid VI. are present. Nevertheless, treat the filtered and 
washed precipitate as directed in (297)i ^ guard against 
overlooking even the minutest traces of arsenic, dlsc. 

6. A precipitcUe is/armed, ofapwrt yeüow ooior like that 295 
of tersulphide of arsenia Take a small portion of the fluid, 
together with the precipitate suspended therein, add some 
ammonia, and shake the mixture for some time, without appU« 
cation of heat. If the precipitate dissolves readily and, with 
the exception of a trace of sulphur, completely, and if, in the 
preliminary examination (293)» carbonate of ammonia has 
failed to produce a precipitate, arsenic alone is present, and 
uo other metal (at iJl events, no quantity worth mentioning 
— tin or antimony). Mix the Solution of the small sample in 
ammonia with hydrochloric acid to acid reaction, retum the acidu« 
lated sample to the fluid from which it was taken, and which con« 
taius the yellow precipitate produced by the hydrosulphuric acid, 
aud proceed as directed in (297)> I^i on the other band, the addition 
of ammonia to the sample completely or partially fails to redissolve 
the precipitate, or if, in the preliminary examination (293)» cai> 
bonate of ammonia has produc^ a precipitate, there is reasuu to 
suppose that another metal is present, perhapa with arsenic. In this 
latter case abo, add to the sample in the test-tube hydrochloric 
acid to acid reaction, retum the acidulated sample to the fluid 
from which it was taken, and which contains the yellow precipi- 
tate produced by the hydrosnlphurio acid, and prooeed aa directed 
in (298> 
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oMiMr« Uittunnlimtiori of Ui« Weigbt of Uie Anenie. 

I f y Oll tmvit rnfMMfti U> »iif^iioffe that tbe fluid predpitete W kj 
flifM'Ui lutlfl ^203)<''''<^*^Ivi'* other metalfi, perbap« wiUi 
'ollowH ; An iMion m« Um priKsipitaUon ii thorongblj 
iJMi »iiii<«il of »ul|itMirf*ttiifl hydrrigen bau nearlj gone off^ tvaaiifiBr fkM 
t»ri<(ti)fiUUi fo a HMiall fütor, waiih Uiorougbly, perforate ihe potnt of tki 
illinr, anil riiiiNi Um (5oiit«iiiii with the wanhiDg-bottle into a aiBall Hadk; 
iimIii^ Um lt*iiMt |M)Ni»|lilit otiiiiitiiy of water for the purpoae ; add to tbe 
Htiifl in whlcli Um primlplUtn in now 8Ufi|)ended, fint ammmÜAy tben 
yi«llowlHli Hulplildn of atiiiiioiiitim, and let tbe mixtare digest lor 
tiiiMi ai a ^itiiUf» Imiit. Hhould ]Nirt of the precipitate remain nndt»- 
iNflviMl, illUir UiIm oil', waith, iMsrfnrate the filter, rinse off the residoaiy 
prmilpllatn, mark Ii III., aiiu ronorve for further examination aooordiog 
to i)m InMtruoilutiM givmi in (305)* Evaporate the filtrate, tpgethtf 
wlih Um waaiiingii, In a Nmall porcelain diMh, to drynesa. Treat tbe 
rMMiduo wiih Monm pnni finning uitric acid (free from chlorine), nearly 
drlvo off ihe aotd hy ovaporation, then add, aa C. Meyer was the fint to 
nmonitni^nd, gnidiially and in nmall portions at a time, a solntioti of pure 
oarbonato of mMla until it predominatee. Add now a mixtare of 1 pari 
of (larbonate and 2 |)artii of ni träte of soda in suflicient, yet not exoenive 
qiianiiiy, ova|)oraie to drynewi, and heat the residue very grada- 
ally to funicm. liot the fuaed mam oool, and, when cold, extract it 
wiih cold water. If a reflidue romains undissolved, filier, wash with 299 
a mixtiire of eqnal |)artB of Ppirit of wine and water, msa*k it IV., 
and roserve for further examination, aooording to the direotions of 
(306)' ^ix ^li® Solution, which must oontain all the arsenio as araenate 
of Hoda, with the wimhings, pi^ovionsly freed from aloohol by evaporatioo, 
add gradually and cautiously pure dilute sulphuric acid to atrongly acid 
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reactioQ, evaporate in ■ snull porcelain dish, and, when the fluid is 
Btrungly ooncuutrated, add agaiii Bulphuric acid, to aee whether tho 
quAutity first added has beea auffioient to ezpel all nitric acid and 
Ditmus acid ; beat now voty oautiously antil heavy fnraes of hjdrated 
aul|>hurio acid begia to escape ; theo let the liquid cool, aod, wbsD cold, 
add water, transfer the Bolulion tu a Hmall flask, heat to 168' F., aud 
conduct into it, for at least 6 houra, a bIow atrenm of washed h; dro- 
Bulphario acid gaa. Let the mixture finally cool, ooatinuing the tnuismiii- 
aionof Üiegasäll tbe while. If araenioiBprtsent, ajellow precipitate will 
form. Wben the pracipitate hoa oompletely nubaided, and the fluid bau 
nearl; lost the amell of siilphnretted bydrogen, filter, wash the preoipi- 
tate, dissolve it in ammonia, and proceed witb the eolatlon as directed 
in (297}> to determine the weight of tbe arHoiüc. 

7. Reduetion t^lhe Sulp/nde o/Ärtenie. 

The prodacUon of metallic anenic from tbe aalpbide, whioh may 300 
be regarded as tbe keystone of the whole prooeas, demandn the 
greatwt care and attention. The method reoommended in § 13^, 
12, viz., to fuse the arsenical oompouud, mixed with Cyanide of pobusium 
and carbonate of Boda, in a slow sti-eam of carbonic acid gas, is tbe beat 
and safeflt, aflbrding, besides the advautage of great aocuracy, also a 
po»iitive guarantee againet the cbance of oonfounding the arsenic with any 
other body, more partioularly antimony ; on which a 
especially adopted for medioo-legal inveatigationa. 

Take care to liave tbe whole appa- 
ratuB filled with carbonic acid, and 
to gira the proper degree of force to 
the gaaeous atream, before applying 
heat. It ia advisable to Substitute 
for the evolution flask in Fig. 31 
(§ 132, 12), a flaak whicb will allow 
the Operator to regnlate the cnrrent 
of gas. Tbe arraagement showu in 
Fig. 35, which is » matter of easy 
CoutriTanoe, will fuUy anawer the 
purpoae. Oaoutchoiic Stoppers should 
be used ; the oompreiiaiou stc^ioook 
is furnished with an adjuating 

Ab r^arda tbe proceaa of reduo- 
tion, eilber prooeed at onoe with the 
siilphide of arsenio, or previoosly 
conrert the latter into anenic acid 
(see 301}- In tbe former oase take 

care, if possible, not to uae tbe 

whole of the regidne in tbe diah, .^— 

ohtained by tbe evaporalion of the ^- gj 

ammoniacal Solution, but uae only a 

portioQ of it, so that Ibe prooesa may 

be repeated aeveral times if neoeamry. Sbould the reaidue be too trifling 

toadroit of being divided into several portions, diiaiolve it in a fev dnips 

of ammonia, add a little carbonate of aoda, aod evaporate on the water- 
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bath io drynees, taking oare to stir the miztare doring tbt pnai; 
divido the dry maas into seYcral portiona^ «ad prooeed to n- 
duction. 

Otto* recommendB to oonTert the siilphide fint intoanenieaoUL % 
then to reduoe the latter with Cyanide of potaanum. The follov- 
iiig iii the process given by him to effect the ooDveraioii : Poor 
ooncentrated nitric acid over the solphide of aiaenie in the Ü 
evaporate, and repeat the same Operation aeveiml times if üuüWJ 
theo remoTe every trace of nitric acid bj repeatedlj movlaB| 
the residue with "»ater, and drying again; when the nitric aäi 
in compUtdy expelled, treat the reaidue with a few dropa of «iM; 
add carbonate of soda in powder, to form an alkaline maa» ai 
thoroughly dry this in the diah, with freqnent stirring, taking cm ti 
collect the mass within the least possible spaoe in the middle of tk 
difiL The dry maas thos obtained is admirably adapted for itd» 
tion. I can, from the results of my own experienoe, fnlly eonfit 
this Btateroent of Otto ; but I mnst once mora repeat »-^tt itkiad» 
pensable for the snccess of the Operation that the reaidue ahoold he pe^ 
fectly free from every trace of nitric acid or nitrate, ainoe otherwiie ^ 
flagration is eure to take place during the process of fuaion with cpiak 
of potassium, and, of coune, the experiment will &iL 

When the Operation is finished, cnt off the reduction-tiibe ai 3IB 
(see Fig. 36), set aside the fore part, which contaiua the anenical 
ui irrer, put the other part of the tube into a cy linder, pour water 
over it, and let it stand some time ; then filter the Solution obtained, aU 




to the fil träte hydrochloric acid to acid reaction ; then oondoct aome 
hydrosulphuric acid into it, and observe whether this producea a pred- 
pitate. In cases where the reduction of the sulphide of arsenio haa been 
effccted in the direct way, without previous converaion to arsenio add, t 
trifling jellow precipitute will usually form ; had traces of antimony 
been preftent, the predpitate would be orange-colored and inaolnble in cu^ 
bonate of ammonia. Afler all the soluble salts of the fused mtu^ have 
been dissolved out, examine the metallic residue which maj be left^ for 
traces of tin and antimony ; these l)eing the only metals that caa poadbly 
be present if the instinictiona here given have been strictiy foUowed. 
Should appreciahle traces of these metals, or either of them, be fbond, 
proper allowance must be made for this in calculating the weight of the 



arsenic. 



8. Examinaiion of tlie reserved RendueSy mnriced tteveraUy I., XL, IIL, 
and IV, y for otJier Metala oftl^ Fi/th cmd Sixth Graupg^ 

a, Rendite L Compare (290)- 303 

This may contain more particularly chloride of silver and 
sulphate of lead, possibly also biuoxide of tin. Incinerate the 

* " Anleitung zur Ausmittelung der Gifte^" von Dr. Fr. Jul. Oito^ p. 88. 
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residue (L) in a porcelaiu dish, bum the carbon ivith tlie aid of 
8oine nitrate of ammonia, eztract the residue with water, dry the 
part left undissolved, then fuse it with Cyanide of potassinm in a 
porcelain crucible. When the fused maas ia oold, treat it with 
water nntil all that is soluble in it is completely removed ; warm 
the residae with nitric acid, and prooeed as directed in 
§181. 
(. Mesidus IL Compare (292). 304 

The carbonaoeous residue which is obtained in the purifica- 
tion of the crude sulphide by meaus of nitric acid and sul- 
phuric acid, may more particalarly contain lead, mercury, and tin ; 
antimony aud bismuth may also be present. 

Heat the residue for some time with nitrohydrochloric acid, and 
filter the Solution ; wash the undiasolved residue with water, at first 
mixed with some hydrochloric acid, add the washings to the filtrate, 
and treat the dilute fluid thus obtained with hydrosulphuric acid. 
Should a precipitate form, examine this according to the Instructions 
given in § 191. Incinerate the residue insoluble in nitrohydro^ 
chloric acid, fuse the ash in coDJunctioa with Cyanide of potas- 
Blum, and proceed with the fused mass as directed in (303)- ' 
c Residue IIL Compare (298)- 305 

Examine the precipitate insoluble in sulphide of ammonium 
for the metals of the fifth group according to the instractions 
given in § 193. 
d. Residue IV. Compare (299). 306 

This may coutain tin aud antimony, perhaps also copper. 
Proceed as directed (123)* ^f the color of the residue was 
black (oxide of copper), treat the reduced metals according to the 
instructioDS given in § 181. 

I. Examination ofthefiUrcUe reserved in {29Dt for Metala of iKe Fourth 
cmd Thitd Groups, especiallyfor Zinc cmd Chromiufn, 

a, As we have seen in (291)) the fluid filtered from the precipi- 307 
täte produced by hydrosulphuric acid, and tempurarily re- 
served for further examination, has already been mixed with 
sulphide of ammonium. The addition of this reagent to the filtrate 
is tisually attended with the formation of a precipitate consisting of 
sulphide of iron and phosphate of lime, but which may possibly also 
contain sulphide of zinc. Filter the fluid from this precipitate, and 
treat the filtrate as directed in (3s8) » wash the precipitate with 
water mixed with some sulphide of ammonium, dissolve by warming 
with hydrochloric acid, and boil the Solution with nitric acid, to 
convert the protoxide of iron into sesquioxide ; add, if necessary 
sufficient sesquichloride of iron for carbonate of soda to produce a 
brownish-yellow precipitate in a sample of the fluid ; neutralize 
almost completely with carbonate of soda, precipitate with carbouate 
of baryta, and filter ; the precipitate cont^ns all the sesquioxide of 
iron and all the phosphoric acid. Concentrate the filtrate, precipitate 
the baryta with dilute snlphuric acid, filter, add to the filtrate am« 
monia to alkaline reaction, and precipitate with sulphide of ammo- 
nium the zinc which may be present. For the further examination 
of the precipitate see § 106. 

I. u 



(. The fluid filt«red from tbe precipiUte prodoced hf 

of ammonium (307) ^^U urnudlj oontain all the liiniäi— 30B 
that may be prMent, as milpbide of amtuoninm fub io pnci> 
pitate leequtoxide of ohroroinm from aolatioBs oomtainng «r- 
ganic matten. If yon wish te asoertain wheilier nlmwiiiM ■ t«if 
prenetit, evmporate the filtraAe to di^neas, ignite^ mix UiefizedtaÜB 
with 3 parte of oitrate of potaeea and 1 pari of caiboHte cf wak, 
and projeot the mixture into a onicible heated to moilijuli n^ 
neM, Allow tbe fosed maes to oool, and, when eold, boil w«k 
wator : jellow coloration of the fluid ahowa tl» ptt 'ea cuco of aftafiae 
Chromate, and aocordingly of chromium. ¥ar eomtmmtar^ km 
•oe § 138. 

IL Mbtbod roR thi DirBonov of Htdbootasbc Acok 

§ 226. 

In oaaos of aotnal or snspected poisoning wilih hydroqrainc aeid, 309 
whore it in required to iie|)arate that acid from articlea of food or 
from the oontente of the stomaoh, and thus to prove ite preaenoe, it 
Ib higtily necesaary to act with the greateat expedition, aa the hjdro- 
ojanio aoid B|H*ediIy nndergoea deoom{)08ition. Still this deoompoaitioo 
Ih not qtiito so rapid aa ia generally auppcaed, and indeed it reqnirea aome 
time bofore the complete deoompoaition of the fohoh of tho acid pauau t is 
effeoted.* 

Although hydrocyanic acid betraya ite preaenoe, even in miniite qnio- 
titiea, by ita peculiar odor, atill thia aign muat never be looked apon as 
conoluflive. On the contrary, to adduee poeitive proof of the pnssenoe of 
the aoid, it ia alwaya indiapenaable to aeparate it^ and to conTert it into 
cortain known c<)m|)ound8. 

Tho mothod of accomplishing thia, which I am about to deacribe, is 
baaed upon diatillation of the acidified maaa, and examination of the dis- 
tillato for hydrocyanic acid. Now, aa the uon-poisonoiia aalta, ferro- and 
ferricyainde of |)otas8ium give by distillation likewise a product oontain- 
ing hydix)cyanic acid, it ia, of courae, indiapenaable — as Otto recj 
properly obHcrves — firat to aacertain whether one of theee ealta may 
not be preaeut To thia end, atir a amall portion of the noasa to be 
examiued with water, Alter, acidify the filtrate with hydrocbloric acid, 
and test a [»ortion of it with aesquichloride of inm, another with anlphate 
of protoxideof iroD. If no blue pn^cipitate or coloration forma in either, 
aoluble ferro- and ferricyaniilea are not present, and yon may 
aafely proceed aa followa : 

Test, in the fintt place, tlie reaction of the maaa nnder examina- 310 
tion ; if neceaaary, afler mixing and stirring it with water. If it ia 
not already atrongly acid, add Solution of tai*taric acid nntil the 
fluid atrongly reddena litmus-paper ; introduce the mixture into a retort, 
aud place tbe body of the retort, with the neck pointing npwarda^ in an 
iron or copper vesael, but ao that it doea not touch the bottom, which 

* ThuB I succeeded in sqnratiDg a notable quantity of hydrocyanic acid fhnn tbe 
Btomaoh of a man who had poteoned hlmself with that acid in yery bot weather, and 
whose intesUne« were handea to me füll SQ houra after death. — A dog was poisoned 
with hydrocyanic acid. rnd the Contents of the stomach, niixed with tbe blood, vere 
left for 24 houra exposed to au inteuee summer heat, and then examined : the acid wai 
Stil] deteoted. 
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sbonld, moreover, by way of preoaution, be oorered triflb a doth ; fijl the 
▼eaael with a Bolution of ohloride af cadoium, and applj beat, so as to 
eatiAe gentle ebollition of ibe oontents cf tbe refeort Ooudaot ibe Yapors 
passiDg over, 'witb tbe aid of a tigbt-fitting tube, beut at a Teiy obtuse 
angle, tbrougb a L%ebig*a condensing apparatus, and reeeive tbe distillate 
in a small weigbed flask. Wben about balf-an-ounce of distillate bas 
passed over, remore tb^ reoeiver, and replaoe it bj a »omewbat larger 
flask, also previoasl j tared Weigb tbe Contents of tbe first receiver 
now^ and proceed as follows : 

a. Mix one-fourtb of tbe distillate witb solation of potassa 311 
or soda to strongly alkaline reaction^ tben add a small quantity 

of Solution of sulpbate of protoxide of iron^ mixed witb a 
little sesquiobloride of iron ; digest a few minutes at a veir gentle 
beat, and supersaturate finally with bydrocbloric acid. Ii a blue 
precipitate forms, tbis sbows tbo distillate to contain a rektively 
large, if a blue-greenisb fluid is obtained, from wbiob blue flakes 
separate afber long standing, a relatively small, quantity of 
liydrocyanic acid 

b. Treat anotber fourtli as directed $ 155, 7, to oonvert tbe 312 
bydrocyanic acid into sulpbocyanide of iron. As tbe distillate 
migbt, bowever, contain acetic acid, do not neglect to add towards 
tbe end of tbe process a little more bydrocbloric acid, in order 

to neutralize tbe adverse influence of tbe acetate of ammonia. 

t. If tbe experiments t» «nd b bave demonstrated tbe pre- 313 
eenoe of bydrocyanic acid, and you wisb now also to approxi- 
mately detemüne its quantity, oontinue tbe distiUation until 
tbe fluid paasing over contains no longor tbe leaat tnu>e of bydro* 
cyanic acid ; add one-balf of tbe oontents of tbe seeond recotver to 
tbe remaiuing balf of tbe Contents of tbe first, mix tbe fluid witb 
nitrate of silver, tben witb ammonia until it predominates, and 
finally witb nitrio aoid to strongly acid reaotion. Allow tbe pre- 
cipitate wbicb forms to subaide, filter od a tared filter, dried at 
212"* Fab., wasb tbe precipitate, dry it tborougbly at 212'' Fab., 
and weigL Ignite tbe weigbed precipitate in a small porcelain 
orueible, to destroy tbe Cyanide of silver, fuae tbe vesidue witb car- 
bonate of soda and potassa — ^to eflect tbe deoomposition of tbe 
cbloride of sUver wbicb it may contain — boil tbe mass witb water, 
filter, aoidify tbe filtrate witb nitric acid, and precipitate witb 
nitrate of silver ; determine tbe weigbt of tbe cbloride of silver 
wbicb may precipitate, and deduct tbe amount found from tbe total 
weigbt of tbe cbloride and Cyanide of silver : tbe diflerence givea 
tbe quantity of tbe latter ; by multiplying tbe quantity found of 
tbe Cyanide of silver by 0*2017, you find tbe corresponding amount 
of anbydrous bydrocyanic acid ; and by multiplying tbis again by 
2 — as only one-balf of tbe distillate bas been used-^you find tbe 
total quantity of bydrocyanic acid wbicb was present in tbe exr 
amined mas& Instead of decomposing tbe fused silver precipitate 
by fiision witb carbonaie of soda and potassa, it may be reduced 
also by means of zinc, witb addition of dilute sulphario.aaidy 
and the oblorine determined in tbe filtrate. 

Instead of purauiqg tbis indireot metbod, yon may also 314 
determine tbe quantity of tbe bydrocyanic acid by the fol- 
lowing dlrect method : introdnce balf of tbe distillate into a 

v2 
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retort, together with powdered boraz; distil to a miall rendiM; 
and determine the hydrooyanio aoid in the disüllate m 
of silver. Hjdroohlorio aoid oan no loDger be proent in 
distillate, as the aoda of the boraz retains it in the letai 
{Wackenroder.) 

III. Mbthod fob ths DsTBcnoir of PHOSPHORua 

§ 227. 

Since phosphorüs pante has been emplojed to poison mioe, &e,^ 315 
and tbe poisonous action of lucifer matches haa beoome more ex- 
tensivelj known, pbcflpborua has not unfreqnently been reaorted 
to as an agent for committing murder. The cbemiat is therefore oo» 
Bionally called upon to examine some artide of food, or tbe oontents of 
a stomach, for this substance. It is obvious tbat, in caaea of the kini 
his whole attention must be directed to the Separation of tbe pbospboros 
in the free State, or to the production of such reactions as will ensbl« 
him to infer the presence of jree phosphonu ; since tbe mere findiDg </ 
phosphonis in form of phosphates would proye notbing, as pboq>hata 
invariably form oonstituents of animal and vegetable bodies. 

A. Detectian of Unooddized Phospharua, 

1. Ascertain in the first place whether the snbstance under ez- 316 
amination does not betray the predenoe of phosphoras to tbe aenaa 

of smell, by the peculiar odor of that element, or to tbe aenae of 
sight, by luminoeity in the dark. To this end take care to inoreaae the 
contact of the phosphords in the substance with the air, by rab- 
biDg, stirring, and shaking. 

2. Put a little of the substance into a flask, fasten to tbe looaely 317 
inserted cork a strip of filtering-paper moistened with neutral 
Solution of nitrate of silver, and heat to from 86° to 104® Fab. If 

the i>aper does not tum black, not even after some time, no nnozidixed 
phosphonis is present, and there is consequently no need to try 3 and 4, 
but the Operator may at once pass on to B (324)* Iff on the otber band, 
the paper strip turns black, this is no positive proof of the presence of 
unoxidized phosphonis, as hydrosulphuric acid^ formic acid, putrifying 
matters, d^c, will also cause blaokening of the paper. Treat therefore 
the principal mass of the substance now by tbe methods 3 and 4. (To 
ascertain whether the blackeniug proceeds from the presence of hydro- 
sulphuric acid, try the reaction with a strip of paper moistened with 

Solution of lead or with terchloride of antimony.)— T. Schereb. ^Annal 

d. Chem. u. Pharm., 112, 214. 

3. As the luminosity of phosphonis is always one of the most 
striking proofs of the presence of that dement in the unoxidized 318 
State, examine a larger portion of the substance by the foUowing 
excellentand approved method,recommended by K Mitscherlich.* 

Mix the substance under examination with water and some sulphuric 
acid, and subject the mixture to distillation in a flask, A (see Fig. 37). 
This flask is connected with an evolution tube, b, and the latter again 
with a glass cooling or condensing tube, c c e, which passes througb the 

* *< Journal für prakt. Chemie," yoI. 66, p. 238. 
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bottom of a cylinder, B, in whioh it ia ^steaed bj means of a oork, a, 
aod opem ioto a gUw vessel, 0. Cold water U n^e to run from D 
through a stopcook, ioto a fttnnel, «, the lower end of whioh rests npou 
the bottooi of B ; the cooling water flows off throogfa g. 




Bg.87. 



Now, if the snbstance in A contains phosphonu, tliere will appear, in 
the dark, in the refrigerated part of the oondenüng tube at the point r, 
where the aqaeoua vapora diatilUng over enter that part of the tube, a 
Btrong luminositj, nsually a luminouB ring. If jou take for distillatioa 
5 oz. of a mixtura containing ooly ^>gth of a grain of pbo^horus, and 
accordinglj only 1 part of phoephorus in 100,000 parts of mixture, ;ou 
niay diatil over 3 oi. of it — which will take at least half-an-hour — 
witfaout the luminositj ceasiog ; Mitsgsealigh, ia ooe of his experi- 
ments, stopped the distiltatioD after half-an-hour, allowed the flask to 
stand nncorked a fortnight, and then reoonimenoed the distillAtioB : the 
Itiminoaitj was as atrong aa at fint 

If the fluid coDtains eabatanoea which pntvent the luminoeity of phea- 
phonis in general, auch as ether, alcohol, or <ül of torpentine, no Inini* 
nositf ia obaerved bo long as theae snbatances oontinne to diatil OTer; 
In the caM of ether and aloohol, however, this is aooa effeoted, and ths 
luniiuoBit^ aooordinglf veiy speedily makee ibi appearanoe ; bnt it ia 
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different ivith oil of turpenüse, wkidi exeroiatt a laarf^ng jjm w Btiw 
influence npon the manifestetioQ of this teatfUon« 

After tbe tenainaticm of tke prooMS, ^obules of fAkomphona SU 
are fotind at tbe bottom of the roomWf 0^ MiiscHKiiijeH •b- 
tained from 5 oz. of a mixture oontaining ^ grain of phosphoro^ 
Bo many globules of that bodj, that the one-tenth pari of them wooU 
have been amply sufficient to demoustratd its presence. In medioo-k|il 
investigatioB» tiiese globales should first be washed with aloolioly tlM 
weighed. A portion may afterwards be stibjeoted to a oonfimMkiJ 
examinatioDy to make qaite sure that they realiy oonrist of phoqphflwi; 
the remalnder, together with a portion of the fluid which ahowi tti 
luminosity npon dintillation, shotdd be sent in with the repori. 

The Operation should be condacted in a dark place, best in thaevouw 
Where it is perfbrmed in the day-time, oare should be tak«i| to cUm d 
aveniies to tn« entrance of light, as, where this is not efiectively imt, 
the rays of l%ht entering through some chink or creyice maj chanee to 
be reflected by the ihles of the glass vessel or by the floida in motion, 
and thus lead to deception. It is advisable to pass the eyolntioii tabt 
at bf through the apertnre of a screen, to guard efiectivelj 4p^ 
deceptive reflection of light. These precautionaiy measnroi aia of 
coiirse necesaary only where yery minute traces of phospkorua an to 
be detected. 

The residue left in the flask is then examined for phoapltoi miB aflid ai 
directed in (324)* Tbe distillate also may be fiirther examiiied In dit 
same way, to confinn the presence of phosphoros, or to ahow Übe pm- 
sence of phoaphotona acid Ibrmed by the oxidation of phoaphoma 
fumes. 

4. Put another portion of the tnbatance to be examined, witk 32D 
addition of water if neoessary» into a glass flask, with doable per- 
forated cork, add dilate sulphnrio acid to acid reactioo, eoadnct 
washed carbonic acid gas (evolved moat conyeniently from the oToIntion 
flHsk shown in flg. 35), in a slow stream, into the flask, through a glass 
tube reaching nearly to the bottom, and let the gaa laaaing from 
another glass tube, inserted into the other Perforation of the cork^ paas 
through one or two U-shaped feubes containing a neutral aolution of 
nitrate of silver. When the flask is filled with carbonic acid gas^ heat 
it gently on the water-bath. CoDtinue the Operation for seyeral houra 
If free phosphorus is present, it will volatilize unoxidized in the carbonic 
acid stream, then pass into the silver Solution, where it will be partly 
converted into black phosphide of silver, partly into phoephoric ado. 
Tf no precipitate fornis, you may safely conclude that no unoxidized 
phosphorus is present, whilst, on the other band, the formation of a 
precipitate is not sufficient proof of the presence of unoxidiied phoa- 
phorus, as the precipitate may owe its formation to yolatile 
reducing agents or to hydrosulphuric acid. 

If a PRECinTATE has formed, Alter through a Alter well waabed 321 
with dilute nitric acid and water. The presence of phosphide of 
silver in it may be shown by Blondlot's improved modiAcation 
of Dussarb's methodj* substituting, however, for the apparatns med 
by Blondlot, the one shown in the illustration (flg. 38), which may be 
easily constructed. 

• Zeitaohrift Air AnaL Chem. I. 129. 
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a. is the hydn^en-evolutioc flask, 6 oontÜDa jHecea gf pumioa-iton« 
iDouf«aad with coaoentratod solutioD of potuaa, o U a oonmon, d t 
eorewed oompresaioa sto^Mock, t » i^tiuuta tip, whiob ia liept cool b^ 
tyiiig moisteaed cotton rouod it This pktinum tip ia indispensable to 
tlie productioa of & colorlMS h;drogeii fluue, m UM *o«^ tu the gkas 
will aliT&ya color the flame yellov. 




Flg. S3. 

To ucertftin whetlier the zino and Bolpbnria acid will give & gas qnit« 
free &01Q aulphnretted h^drogen, let the evoluüou go on a short time, 
then cloee c UDtil the fluid bas tuceiided irom aV> f. Close d, opeo 

e, aad regulato d b; meaus of the ecrews bo aa to obttÜD a auitable flaiae. 
If the flame, viewed in a dark place, ia colorlesB, ahowing no traoe of a 
green cona in the centre, and no emerald-groen ooloration if directed 
npon a piece of porceliÜD, in a similar way aa in Maiuii'b experiment, 
tbe hydrogen gaa ma; be considered pure. It \» adviaable to repeat tbe 
experitoent. Rinae the preoipitate ander eumination witb water iato 

f, take care tbat eveiy particle of it reacbea a, then repeat bbe ezperi- 
Dient witb the gaa evolved and isBuing througb Üie platinum tip. If 
the examined preoipitate contoina eren a miuute trace of pboipbide of 
ailver, tbe green ccne in the centre of tbe flame and Üie emerald' 
green coloratiun will now beconie diatinctlj viaibla 

Bemore tbe exceaa of ailver from the solutiok filtered froin tbe 322 
ailrar precipitate, by meana of hjdrocbloria aoid, paaa througb a 
filter well waahed witb auid and water, ooncentrate atrougly in a 
porcelain dish, and teat for phoapboric acid with aolutioo of mol^bdat« 
of ammonia in nitrio acid, or witb a mixture of aulpbate of magneeiai 
Chloride of amtaoainm, and ammonia (Neuhaukh and Fbebeniub, 2<ut- 
■obrUt für Analyt. Ghem. I., No. 3, p. 336). 

Wo (Nedbaccb and FsERKKinB) obtain«! by tbe application of tbia 
metbod tbe dearort evidenoe of the jireaenos of phoapbonia in a larg* 
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ipiNiillly nf imlHil Mood mixed witii 
Uli iil'u iHHitiiuiii luoifor iimioh; and th» 
wiiii'li iHTYriil (lio luiitincMity of ihe 
iimilp l»v MiTm*iiKHU(!ii*H niDthod. 

t'i. Il' iliom iit mitlloioiit phcMphonu 
Unvit iliilnniiiiiiitiiin, tltin niay be effcctcd 
\*\ HrtiicMitirN iiioililimiiim of MincHEBUCVS 
ilUhlliiiK tili« iimiM, Hriilinod with. salphaiie mtäd 
ntilioiuo iioiil. I w«iul(l Nuggtwt, with re8(feec to 
nllliiK MnnK riiniiiiliiHl witli a double performted < 
|iin«t Oll i-l 11 Ml 10 noid ^im uiitil ihe apjArataa ia filled wiii 
iill llio oiultottio lUMtl Htnmin. A flank withdoaUe 
loi iiioiti\i>r , ilio iiiiiiitb of tbo oondeDsing tabe 
itiiiMiiHUN , hiU» ilio iith«*r iH iiiHurt^Hl a beut gla— tnbe. ' 
V iiIiiiimmI IuU« ooiiUiniiiKa Molution of pure nitrate of 

Wlioii lliodiNlillutioii IH ovc^r, miuute globulea of phoa^c^r^ 
(II llio HNHtivor. A iii«Klonit4) HtrcMiin of carboaic meid ia 
(iiiitninlHiMl lliriiu^h tbo apiMratua, and a gentle 

viow In olloot (lio fonimti«m of largcr globulea bj 

llio (lioii Hiinliod and woighiMl tbe aame aa in Mjtsghkbugb"! 
*riio Miild |Hiiiivd «)ir tbo plioHpboruH globulea ia Inminoaa m na «Ä 
ulioii Hliiikoii. Il nnpiinHi, Im wo vor, a larger proportioa of ^bat^ar» 
tu niiliihi dipitiiiot liiiiiiiioNiiy in thiii waj tban ia the oaae visk ^ 
niMi ir II 1.1(^1*11 nioUiod. Tlio pluwplioruB in tbe fluid maj, alter oiübsu 
by iilli'lo noid or olilorim«, Ihi tlotorininod as pboaphorio «cid. Ho«««^ 
liio iTNiilt Im irliiiMo only if tbo oponition haa been oondoctcd wisli '^ 
iiM|iiinUi* mui« luid tMiiition in ^uiird aguinnt portiona of the boiling^'^ 
^liioli nltoii «MiiiliiinM pliiMpborio ncid, Hpirting out of the TeHBeLaad 1«b| 
lliini Innt. To iihtitiii tlio ifMiinindor of tbe phospborua origioallr pmec' 
lii llio o\iiiiiiiuMl Nulwtiuioi«, iroHt tlio contentN of the U-aha|wd tsse 
llttiilly Willi iillrio itoid. tlir«)w down ihe »ilver by bydrochloric acidfiiwr 
iliti)tif|li II wiiNliod tillor, otiiiotMitnit-o in a poroelaia dish, aud predpiti» 
tlio plinN|i|iitno Itoid itH |ilii»Mp1into of niiignesia and ammonia, finally weigii 
il. an pyitiplioNpIml^t of iiiiif(noHia. 

II. /h'tt\*tion of Pliosphoraua Äad, 

Should idl iitiiMiipU io hIiow ilio prosonoe of unoxidized phoa- 324 
plinniN lail, try wli««tlior ii nmv not bo practicable to find the firat 
)ii'Mdiiol nf ilio nxidittinn of pluMphorua in the air, t.«., phoaphoroua 
noid. Kor tliiN piir]HHiit tnuiMtor tbo roHidue lefb in the diatilling flaak in 
(318) "1* i" (323). or tlio roHiduo loft in (320)> to the apparatna illos^ 
triii-«Ml hy Fig. «i8, liavinv; prt«viouH!y tcated the purity of the zinc and 
Hiilpliiirio iirid, iin diivoUnl (321)« tli^-tt procced aooording to the instroo- 
tititi of (321)i i^ii<l oluMTvo whothor tho coloration of the hydrogen flanie 
n«vouiH tlio pnmonot« of plioHpborna. 8hould this be the caae, the end in 
viow in aiiaincHi ; if not, tlio prom^nce of organic subatancea may be the 
)>rovontivo caiiHo. If, tberoforo, the flame remains unoolored, ahnt tha 
coin])roHHion Hto]»oock ut onco, oonnect with the apparatua a TJ^aped 
tuln) üontiiining a Bolution of noutnil nitrate of ailver, open the cock 
agnin, and lot tlio gas {laas for inany hours, in a slow streani, through ihe 
all vor Solution. Tbo formation of a precipitate in the ailver aolution 
■howB tbo ])re8<'nco of phoBphoroiia aoid. Examine the precipitate of 
phouphide of ailver as directed in (321)* 
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' 3. Examination qfthe Tnorganic GonstUuenta of PlantSy Änitnals, or Porta 
' qfthe aaniej o/Ma^nures, dce, {ÄnodysU of Aakea.) 

§22& 

A. Preparation of thb Ass. 

. It is safficient for the purposes of a qualitative analysis to inci- 325 

nerate a comparatively small quantitj of the substance which it is 

> intended to examine for its inorganic constituents ; the substance 

i must previouslj be most carefullj cleaned The inciDeration is effected 

best in a small clay muffle, but it may be conducted also in a Hessian 

I cmcible plaoed in a slanting position, or, under oertain circumstanoes, 

I even in a small porcelain or platinum dbh, with the aid of a wide glass- 

\ tube or lamp-glass, to increase the draught. The heat must alwaya 

be moderate, to guard against the volatilization of oertain constituents^ 

XDore especiallj of metallio Chlorides. It is not always necessary to 

continue the combustion until all the carbon is consumecL With ashes 

oontaining a large proportion of fusible salts, as, & ^. the ash of beetroot 

molasses, it is even advisable to effect, in the first place, coroplete car- 

bonization, then to boil the charred maas with water, and finally to 

incinerate the washed and dried residue. For further particulars see 

Quantitative ÄncUysia, 3rd Edition, § 250. 

B. Examination of the Ash. 

As the qualitative analysis of the ash of a vegetable substance 326 
is generally undertakon, either as a practical exercise, or for the 
purpose of determining its geueral character, and the State or 
condition in which auy given constituent may happen to be present, or 
also with a view to make, as far as practicable, an approximate esti- 
mation of the respective quantities of the several constituents, it is 
tisnally the best way to examine separately, (1) the part soluble in 
water, (2) the part soluble in hydrochloric acid, and (3) the residue 
which is insoluble in either menstruum. This can be done the more 
readily, as the number of bodies to which regard must be had in the 
analysis is only small, and the several processes may accordingly be expe« 
ditionsly performed. 

o. Examination ofthe Part aoluble in Water, 

Boil the ash with water, filter, and whilst the residue is being 
waahed, examine the Solution as follows : — 

1. Add to a portion, afler heating it, hydrochloric acid in excess, 327 
warm, and let the fluid stand at rest Eflervescence indicates gab- 
SONIC ACID combined with alkalies ; smell of hydrosulphuric acid 
indicates the sulphide of an alkau metal, formed from an alkaline 
Bulphate by the reducing action of the carbon. Turbidity from Sepa- 
ration of sulphur, with smell of sulphurous acid, denotes a htposulphitb 
(which occurs occasionally in the ash of pit-coal). Filter if necesttary^ 
and add to the filtrate — or to the fluid where no filtration is required — 
some Chloride of barium ; the formation of a white precipitate indi- 
cates the presenoe of suLPHuaic Acm. 

2. Evaporaie another portion of the Solution until it is reduoed 328 
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to a Mnall volume, add hydrocUoric add to seid 

ennee indicat« the preaenoe of CAMBono acidl Ew mw a lt iw* 

(IrynoNi, and treat the rmidne witli hydroe h lotic acid aad viik. 1W 

|N>rtion lefl undiasolved coiisiiits oi aiucic Acnn. Filter, add wmaäk 
chloriilo of ainmonium, and sulphate of magiMBa ; tlie fonKtkadi 
wliitf» pn^ipitHto indkates the preaeiioe of phosphobic Acaa IitfBii 
of thin nniction, jou may also mix the fluid filtered fron theuHB 
arid with Act*tite of soda, and then caatioiuly add, drap hj dro|ii,Hip 
HildriihMif iron, or yoti may test with nitric acid aoliitioo of aoljb- 
diit«* of HHimoiiia (§ 143). 

.1. Add to another portion of theaolation nitrmie cftStwet aa Vmg 3H 
n^ n prooipitate continnen to form; warm gently, and then oaatümdy 
aiM nininonia ; if a black reaidne is left, Ulis oonsista of aolphide 
of HÜTiT, proouiMling from the salphide of an &lkali mctal. or ftpBi 
h>'|MiHu1|i1iito. Mix the amnioniacal Bolotion now — aft«r |M Bficwi fr 
tnititiii if niHSoiiHnry— GAutiously with nitric acid in sliglit exou^ toAd 
tili» Holiitiun of the phoHphate of silver precipitate formedv leaTiiig tte 
only (TiimiiiDK (iodido,* bromide) of riltkr nndisBolved. Füttr.tfi 
ftxnmiiio t1)o prucipitiito an directed (178) ; neatraliee the fiHrale encdf 
with iiiiiinonin. If thin pnMhicea a hrigfU yeüow preeijMtatey ibe {h» 
pliorin iioid foutid in (328) ^^ present in the tribaaic^ if a tolüft 
pr«*(tipitnt«s it wan pmiünt in the bibaaic form. 

1. II «Mit a ]M>rtion of tho Holution with hydrochlorie acid, theo 330 
iimkt* it iilkiitino with aniinoniH ; mix the alkaline fluid with Oxa- 
late of umiiioiiia, and lot it stand at rcat. The formation of a 
wliiiv pifcipitiitt) indiciitcs lime. Filter, and mix the filtrate with as- 
inotiiii und phoHphuto of poda ; the formation of a orystalline precipiti^ 
which oft<Mt iM'comeK vinible only after long standiDg, indicates magkebu. 
Mii^iM'Hiii in ofton fouiid in diHtinctly appreciable, lime only in exoeed- 
iiigly iiiiiiiito quantity, even where alkaline carbonatea and pho«pbatei 
un* prcHciit. 

A. Kur 1H)TA8RA and roda examine as directed § 197. If magneaia is 
pn>iu>tit, ncutnitizü with hydrochlorie acid the portion of the filmte 
iiit4Mid('(l to 1)0 ttsHtcd for the alkalies, then remove the magnesia ts 
din*cti*d § 19G, 2, before proceeding to the examination for the 
alkalioH. 

(). LiTiiiA, which is miich more frequcntly found in aahea than has 
hitlH*i*to Itocn bu1iüve<], and oxide of rudidium, which is almost con- 
Htaiit!^ prettent with potassa, may be most readily and oonveniently 
cK^tocüid by Bpoütrum analysis (§ 93) in the residue consiating of the 
alkali salta. 

6. Examination ofthe Pari tohible in HydrochloriG Aeid, 

Warm the residue lefl undissolved by water with hydrochlorie 331 
acidt — eifürvescence indicates caruonic acid, combined with alka- 
line earths ; evolution of chloriue denotee oxides dp MAMOANESii 
Evaporate to dryness, and heat a little more strongly, to efiect the 

* To detect the iodine in aquntio pUnts, dip the plant in weak lolation of potiitM 
{Chatin), dry, inoinente, treat with water, and exaniiue the aqueoui eolution aa (urected 

(267). 

t If the residue still oontains mach carbon, after further incineration. 
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Beparation of ihe silicic acid ; moisten tbe reaidue with hjdroohlono acid 
Mid some nitric aoid, add water, warm, and filter. 

1. Test a portion of the Solution witk hydrosolphnrio add. If thia 
produces any other than a perfectly white precipitate, you must examine 
it in the usual way. Tbe asbes of plants oocasioDally contain copper ; if 
the plant bas been manured witb excrements deodorized by nitrate of lead^ 
they may contain lead ; other metals are also occasionally found. 

2. Mixa portioD of the original Solution witb carbonate of soda, 332 
AB long as the precipitate formed reditsolvei upon stirring ; then 

add aoetate of soda, and some acetic acid. Tbis produces, in moet 
cases, a white precipitate of phosphatr of sesquioxide of iron. If tbe 
fluid in wbich tbis precipitate is suspended is reddish, there ie more 
sesquioxide of iron present tban correspond« to tbe phosphoric acid ; 
if it is colorless, add sesquichloride of iron, drop by drop, until tbe 
fluid looks reddisb. (From the quantity of tbe preeipitate of pbos- 
pbate of sesquioxide of iron formed, you may estimate tbe phosphobig 
AQU) present.) Heat to boiling,* filier bot, and mix tbe filtrate, after 
addition of ammonia, witb yellowisb sulpbide of ammonium, in a 
stoppered flask, filled almost to tbe moutb ; sboiild a precipitate form, 
alter long standing, examine tbis before tbe blowpipe for manganbse and 
xivc (wbich latter metal may exceptionally be present) according to tbe 
<£reotion of (141)> and tbe fluid filtered fh>m it for limk aad haohisia, 
in tbe usual way (330)* 

3. To test for baryta and strontia, mix a somewbat larger quantity 
of the hydrochlorio aeid Solution with some dilute sulpburic acid, let tbe 
mixture stand some tirae, and, if a precipitate forms, examine tbis ae- 
cording to the Instructions of (254)* 

e, ExamincUum q/'the Residvs inaoluhle in HydrockLoric Äctd. 

The residue insolable in bydrocbloric acid oontains^ 

1. The silicic acid, wbich bas separated on treating witb bydro- 333 
cliloric acid. 

2. Tboee ingredients of tbe ask wbick are insoluble in bydro- 
cbloric acid. Tbese are, in most asbes, sand, clay, carboo ; sobslances^ 
tberefore, wbich are present in consequence of defectiye cleaning or im- 
perlect cormbustion of the plants, or matter derived firom tbe crucible. 
It is only tbe asbes of tbe stalk of cereals and others abounding 
in silicic acid tbat are not completely decomposed by bydroeblorie 
acid. 

Boil tbe wasbed residue witb Solution of carbonate of soda in 334 
excess, filter bot, wash with boiling water, and test for silicic acid 
in the filtrate by oTaporation witb bydrocbloric acid (§ 150, 2). If 
tbe asb was of a kind to be completely decomposed by bydrocbloric acid, 
tbe anaiysis may be considered as finished — for the accidental admixture 
of day and sand will rarely interest tbe analyst suffieiently to Warrant a 
more minute examination by fluxing. But if the asb abounded in silicie 
acid, and it may tberefore be supposed tbat ^e bydrocbloric acid bas 
fiiüed to effect complete decompoeition, evaporate half of tbe reakUie in- 
soluble in Solution of carbonate of soda with pure Solution (^ soda in ex- 
cess^ in a silver or platinum disb, to dryness. Tbis decomposes tl^ß Sili- 
cates of tbe asby wbilst but little affiwting the sand. Acidify now with 

* If (kis iboiild fittl to deooloris» tbe fluid, «dd some moTO acttate of todik 
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hydrochloric aoid, evaporate to dryness, <fec., and proceed as in (331V 
For the detection of the alkalies use the other half of the residuCy treating 
this aocording to the instruotions of (228)« 



k 



SECTION III. 

EXPLAN Ä.TORY NOTES AND ADDITIONS TO THE 
SYSTEMATIO COÜRSE OF ANALYSIS. 

I. AdDITIOKAL ReMABKS to the PbELIMINABT EXAHIKATIOir. 

To §§ 175—178. 

The inspection of the physical properties of a body may, as already 
stated § 175, in many cases enable the analyst to draw certain genend 
inferences as to its nature. Thus, for instance, if the analyst has a 
white Bubfitance before him, he may at once condude that it is 
not cinnabar, or if a light substance, that it is not a oomponnd of 
lead, &0, 

Inferences of this kind are quite admissible to a certain extent ; bat 
if carried too far, tbey are apt to mislead the Operator, by blinding 
him to every reaction not exaotly in accordance with bis preoonoeived 
notions. 

As regards the examination of substances at a high temperatore^ 
platinum foil or small irou spoons may also be used in the prooess ; how- 
ever, the experimeut in the glass tube gives, in most cases, resulta more 
clcarly evident, and affords moreover the advantage that volatile bodies 
are less likely to escape detection, and that a more correct and predse 
notion can be formed of the nature of the heated substanoe, than ex- 
posure on platinum foil or in an iron spoon will permit. To ascertain 
the products of oxidation of a body, it is sometiroes advisable also to heat 
it in a short glass-tube, opeu at both ends, and held in a slanting posi- 
tion ; small quantities of a metallic sulphide, for instanoe, may bereadily 
detected by this mean& (Compare § 1Ö6, 6.) 

With respect to the preliminary examination by means of the blow- 
pipe, I have to remark that the studeut must avoid drawing positive 
conclusions from pyrochemical experiments, until he has acquired some 
praotice in this brauch of analytical chemisbry. A slight incrustation of 
the charooal support, which may aeem to deuote the presence of a certain 
metal, is not always a condusive proof of the presence of that metal ; 
nor would it be safe to aseume the absenoe of a substance simply beoauae 
the blowpipe flame falls to effect reduction, or Solution of nitrate of 
protoxide of oobalt &ils to impart a color to iJie ignited mass, &g. The 
blowpipe reactions are, indeed, in most cases, unerring, but it is not 
always easy to produce them, and they are moreover liable to suffer 
modification by accidental oircumstances. 

The Student should never omit the preliminary examination; tho 
notion that this Omission will save time and troubie is very erroneous« 
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IL Additiokal Remabks to the Solution, sra, of Substances. 

To§§ 179—181. 

It is a task of some difficulty to fix the exact limit between substances 
which are soluble in water and those that are insoluble in that men- 
straum, since the number of bodies which are sparingly soluble in water 
is very oonsiderable, and the transition froin sparingly soluble to tri- 
sclvbU is verj graduaL Sulphate of lime, which is soluble in 430 
parte of water, might perhaps serve as a limit between the two 
classes, since this salt may still be positively detected in aqueous 
Solution by the delicate reagents which we possess for lime and sul- 
phuric acid. 

When examining an aqueous fluid by evuporating a few drops of it 
upon platinum foil, to see whether'it holds a solid body in Solution, a 
very minute residue sometimes remains, which leaves the analyst in 
doubt respecting the nature of the substance. In cases of the kind teat, 
in the first place, the reaction of the fluid with litmus-papers ; in the 
second place, add to a portion of it a drop of Solution of chloride of 
barium ; and lastly, to another portion some carbonate of soda. Should 
the fluid be neutral, and remain unaltered upon the addition of these 
reagente, the analyst need not, as a general rule, examine it any further 
for bases or acids ; since if the fluid contained any of those bases or acids 
which priucipally form sparingly soluble Compounds, the chloride of 
barium and the carbouate of soda would have revealed their presence. 
The analyst may therefore feel assured that the detection of the substance 
of which the residue lefb upon evaporation consiste will be more readily 
eflected in the class of bodies insoluble in water. 

If water has dissolved any part of the substance under examination, 
the Student will always do well to examine the Solution both for acids 
and bases, since this will lead more readily to a correct apprehension of 
the nature of the Compound — an advantage which will amply counter- 
balance the drawback of sometimes meeting with the same substance 
both in the aqueous and in thei acid Solution. 

The following substances (with few exceptions) are insoluble in water, 
but soluble in hydrochloric acid or in nitric acid : the phosphates, arse- 
nates, arsenites, borates, carbonates, and Oxalates of the earths and 
metals; also several tartrates, citrates, malatea, benzoates, and sucoi- 
nates ; the oxides and sulphides of the heavy metals ; alumina, magnesia ; 
many of the metallic iodides and cyanides, ko. Nearly the whole of 
these Compounds are, indeed, decomposed, if not by dilute, by boiling con- 
centrated hydrochloric acid ;* but this decomposition gives rise to the 
formation of insoluble Compounds where oxide of silver is present, and 
of sparingly soluble compouuds in the presence of suboxide of mercury 
and lead. This \a not the case with nitric acid, and accordingly the latter 
eflfects complete Solution in many cases where hydrochloric acid leaves a 
residue. On the other band, however, nitric acid leaves, besides the 
bodies insoluble in any simple acid, teroxide of antimony, binoxide of tin, 
binoxide of lead, <bc., undissolved, and dissolves many other substances 
less iseadily than hydrochloric acid, 0. g, sesquioxide of iron and alumina. 

Substances not soluble in water are therefore, briefly expressed, to b^ 
treated as follows : try to dissolve them in dilute or coucentrated, cold 

* For the exceptions see % 203. 
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or boiliDg h jdrochloric acid ; if thU M\b to efidot oomplete •olntioii, try 
to dissolve a fresh portion in nitric acid ; if thia a]ao fiulsy treat the bodj 
with aqua regia, whioh is an excellent solvent, more particalariy ior 
metallic sulplude& To examine separately the Solution in hydrodilone 
acid or in nitric aoid, on the one hand, and that in nitrohydrodilorie 
acid on the other, ia, in moat cases, neither necefiaaiy nor desirabliL 
To prepare a Solution in nitric acid or in aqua regia, where the natnn of 
the substance does not absolutely demand it, is not advisable^ as a iolii- 
tion in hydrochlorio acid is mach better suited for precipitatioii bj 
hydrosulphuric acid. Nor is it advisable to concentarate a acJutioD in 
aqua regia bj evaporation, to drive off the exoess cf the acidsi as tiie 
Operation might lead to the encape of volatile Chlorides, more parUcnkrly 
of Chloride of arsenic. It is therefore always best to Tise no moze tfiia 
regia than is just necessary to effect Solution. 

With regard to the Solution of metals and alloys, I have to romaik 
that, upon boiling them with nitric acid, white preoipitatee will frequeiitfy 
form, although neither tin nor antimony be present. Inexperieoced 
etudents often confound such preoipitates with the oxidea of tiiese two 
metalp, although their appearance is quite different. These predpikitei 
consist simply of nitrates sparingly soluble in the nitrio acid preeent^ bot 
readily soluble in water. Consequently the analyst ahonld aaoertiiii 
whether these white precipitates will dissolve in water or not, befbrs he 
oonoludes them to consist of tin or antimony. 

ITI. AnnmoNAL Remabks to the AtTüAL Examihatioh. 

To §§ 182—204 
A. Gkneral Eeyiiew and Explanation of the Avalytiou, Coi7bs& 

a, DETECnOK of the BASES. 

The Classification of the bases into groups, and the methods whidi 
serve to detect and isolate them individually, have been fiillj explained 
in Part I., Section IJI. The systeraatic course of analysis^ from § 189 
to § 198, isfounded upon this Classification of the bases ; and as acorreet 
apprehonsion of it is of primary importance, I will here subjoin a briel 
explanation of the grounds upon which this divisiön rests. Kespeeting 
the detection of the several bases individually, I refer the atadent to 
the recapitulations and remarks in §§ 88 — 135. 

The general reagents which serve to divido the basea into prinopal 
groups are — hydrochlorio acid, hydrosulphuric Acm, sulphidk of 
AMHOinuM, and garbonate of ahmonia : this is likewise the oider d 
succession in which they are applied. Sulphide of ammoninm perfarms 
a double -part 

Let US suppose we have in Solution the whole of the basea, togetber 
with arsenious and arsenio acids, and also phosphate of lime — ^whidi 
latter may serve as a type for the salts of the al^iline earths aolnble in 
acids and reprecipitated unaltered by ammonia. 

Chlorine forms insoluble Compounds only with silver and mercory ; 
Chloride of lead is sparingly soluble in water. The insoluble subchloride 
of mercury oorresponds to the suboxide of that metaL If, therefore, we 
add to our Solution : 
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1. HydrocMoric Äcid, 

we remove from it tlie metallic oxides of the first division of tbe fifbh 
group, yiz., the wfaole of the oxids of silvbr and the wliole of the bub- 
OXIDE OF HERCUBT. From oonoeiitrated Solutions a portion of the lead 
xnay likevise precipitate as oMoride ; this is, however, immaterial, as a 
Biilficient qoaatitj of the lead remains in the Solution to permit the sub- 
sequent detection of this metal 

Hydrosnlphnric aoid completely precipitates the oxides of the fiftk 
and sixth gronps from Solutions coutaining a free minend acid, since the 
affinity of the metallk radicals of these oxides for snlphur, and that of 
the hydrogen for oxygen, is suffioiently powerful to overcome the affinity 
between the metal and the oxygeii, and thst between the oxide and a 
strong acid, eten thouoh the agid bb present in excess. Bnt none 
of the other bases are precipitated nnder these circamstances, sinoe those 
of the first and second groups form no suflphur Compounds insoluble in 
'water, besides that their sulphides cannot possibly form in aoid Solutions; 
BA regards those of the third group, sulphide of aluminium and sulphide 
of chromium cannot possibly be formed in the humid way; and the 
affiuity which the metallic radicals of the oxides of the fourth group 
possess for sulphur, combined with that manifested by hydrogen for 
oxygen, is not sufficiently powerful to overcome the affiuity of the metal 
for oxygen and of the oxide for a stroog acid^ IP the latteb is peesent 
IN excess. 

If^ therefore, afler the remoyal of the oxide of silver and suboxide of 
mercury, hy means of hydrochloric acid, we add to the Solution, which 
stiQ contains free hydrochloric acid, 

2. ffydrosulphuric Äcid^ 

we remove from it the remainder of tlie oxides of the fifbh, together 
with those of the sixth group, viz., oxide of lead, oxide of mekgubt, 

OXIDE OF COPPEB, TEBOXIDE OF BISMUTH, OXIDE OF OADMIUH, TEROXIDE 
OF OOU), BINOXrOE OF PLATIRUM, PKOTOXIDE OF TIN, BINOXIDE OF TIN, 
TEBOXIDE OF ANTIVONT, ABSENI0U8 ACID, and ABSENIC ACID. All the 

otber oxides remain in Solution, either unaltered, or reduced to a lower 
degree of oxidation, e. g,, sesquioxide of iron to protoxide ; chromic acid 
to sesqxdoxide of dhrominm, &o. 

The sulphides corresponding to the oxides of the sixth group com- 
bine with basic metallic sulphides (the sulphides of the alkali metali«), 
and form with them sulphur salts soluble in water ; whilo the sulphides 
corresponding to the oxides of the fifth group do not possess this pro- 
perty, or possess it only to a limited extent* If, therefore, we treat 
the whole of the sulphides precipitated by hydrosulphuric add from an 
acid Solution, wiüi — 

3« Sulphide qf Ammonium (or, in oertain cases, Stdphide qf Sodnmi\ 

with addition, if necessary, of some sulphur or yellow solpliide of am- 
monium, the sulphides of meroury, lead, copper, bismuth, and oadmium 
remain ondissolved, whilst the other sulphides dissolve as double Com- 
pounds of sulphide of gold, platdoim, antimony, tin, absenig, with 
auLPHiDE OF AHMOKIUM (or, «B ihe case may be, sulphide of bodium), 

* Sulphide of merourj oombines with salpbide of potamium «id sulphide of lodiuin, 
\mt not with sulphide of amtnooium ; sulphide of copper dissolves a Uttle in sulphide 
of ammouiam, bat uot in sulphide of potMiiam or sulphide of «odiuiii. 
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and preoipitate again from this Solution npon the addition of hydroeUorie 
add, either unaltered, or in a state of higher sulphuration (thegr take up 
milphur from the yellow sulphide of ammonium). The imtionale of thii 
precipitation is as follows : — ^The acid deoomposes the sulphur aalt knaoL 
The Bulphur base (sulphide of ammonium or sulphide of aodinm) ii 
decomposed by the hydrochloric acid into chloride and liydroaulpbiiriB 
aoid ; and the liberated electro-negative sulphide (aulplmr acid) prad- 
pitates. Sulphur precipitates at Ü^e same time if the salpliide of am- 
monium contains an exoess of that dement. The analyat must bear ii 
mind that this eliminated sulphur makes the precipitated aulphidai 
appear of a lighter oolor than they are naturally. 

The sulphides corresponding to the oxides still remaioiDg in aolotiai 
are part of them — as those of the alkalies and alkaline eartlia— «oluUe ii 
water ; part — as those of alumina and sesquioxide of 
posed by water into hydrated oxides and hydrosulphuric aoid ; 
as those of the fourth group— insolnble in water. These latter woaU 
accordingly have been precipitated by hydrosulphuric acid, but for the 
free acid present If, therefore, this free acid is removed, t.e., if the 
Solution is made alkaline, and then treated with more hydrosulphmie 
acid, if required, or, what will answer both purposes at onoe^ if 

4. Sulphide of Amtnonium^ 

is added to the Solution,* the sulphides corresponding to the oxides of 
the fourth group will precipitate : viz., the sulphides of irok, mavoa- 
HESE, GOBALT, KicKEL, aud ziNO. But in conjuuction wiUi them« 

HYDRATE OK ALUMINA, HTDRATED SESQUIOXIDE OF CHROMIUX, and PHOS- 
PHATE OF UME are thrown down, because the affinity which the oxide 
of ammonium possesses for the acid of the salt of alumina or of sesqui- 
oxide of chromium, or for that which keeps the phosphate of lime in 
Solution, causes the elements of the sulphide of ammonium to transpoee 
with those of the water, thus giving rise to the formation of oxide of 
ammonium and of hydrosulphuric acid. The former combines with tiie 
acid, the latter escapes, being incapable of entering into combination witk 
the libemted oxides or with the phosphate of lime, — ^the oxides and tbe 
lime-salt precipitate. 

There remain now in Solution only the alkaline earths and the 
alkalies. The neutral carbonates of the former are inaoluble in water, 
wbilst those of the latter are soluble in that menstruum. I^ tbere^orc^ 
we now add 

5. Ca/rhoTuUe of Ammoniay 

together with a little pure ammonia, to guard against the possible fo^ 
mation of bicarbonatc», the whole of the alkaline earths ought to pro- 
cipitate. This is, however, the case only as regards bartta, strontia, 
and UME ; of magnesia we know that, owing to its dispoaition to form 
double Compounds with salbs of ammonia, it precipitates only in part; 
and that the presence of an additional salt of ammonia will altogether 
prevent its ])recipitation, at least within a reasonable space of time. To 
guard against any uncertainty arising from this cause, chloride of am- 
monium is added previously to the addition of the carbonate of ammonia, 

* After previouB neutralization of the free aoid by ammonia, to prevent nnpccoMiiTj 
evoIutioD of hydrosulphuric acid ; and after previous addition also, if neoeaMuy, of 
chloride of ammonium to prevent the precipitation of magnetia by ammonia. 
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the mixture sood after filtered, and thus the precipitation of the mag- 
nesia is altogether prevented. 

We have now still in Solution maonesia and the alkalies. The 
detection of magnesia may be efifected bj meaiis of pbosphate of soda 
and ammonia ; but its Separation requires a different method, since the 
presence of phosphoric acid would impede the further prof^ress of the 
aualy.sis. The process which serves to efiect the removal of the mag- 
nesia is based upon the iusolubility of that earth in the pure State. The 
substance under examination is accordingly ignited in order to expel 
the salts of ammonia, and the magnesia is then precipitated by means of 
baryta, the alkalies, together with the newly formed salt of baryta and 
the excess of the caustic baryta added, remaining in Solution. By the 
addidon of carbonate of ammonia the Compounds of baryta are removed 
from the Solution, which now only contains the fixed alkalies, the salt of 
ammonia formed, and the excess of the salt of ammonia added. If the 
salts of ammonia are then removed by ignition, the residue consists of 
the fixed alkalies alone. This method of separating the baryta aflfords 
the advantage over that of effecting the removal of that earth by means 
of sulphuric acid, that the alkalies are obtained in the most convenient 
form for their subsequent individual detection and Isolation, viz., as 
Chlorides. But as carbonate of baryta is slightly soluble in salts of 
ammonia, and gives, upon evaporation with Chloride of ammonium, 
carbonate of ammonia and chloride of barium, it is usually necessary, after 
the expulsion of the salts of ammonia by ignition, to precipitate it once 
more with carbonate of ammonia, in order to obtain a Solution perfectly 
free from baryta. 

Lastly, to effect the detection of the ammokia, a fresh portion of the 
substance must of course be taken. 

b. Deteotiok of the Acids. 

Before passing on to the examination for acids and salt-radicals, the 
analyst should fimt ask himself which of these substances may be ex- 
pected to be present, to judge from the nature of the detected bases and 
the class to which the substance under examination belongs with respect 
to ite solubility in water or acids, since this will save him the trouble of 
nnuecessary ex|)eriments. Upou this point I refer the student to the 
table in Appendix lY., in which the vaiious Compounds are arranged 
aocording to their several degrees of solubility in water and acids. 

The general reagents applied for the detection of the acids are, for the 
inorganic acids, chloride of barium and Nitrate of silyer, for the 
organic acids chloride of calcium and sesquichloridb of ipoK. Jt 
is thcrefore indispensable that the analyst should first assure himself 
whether the substance under examination contains only inorganic acids, 
or whether the presence of organic acids must also be looked for. The 
latter is invariably the case if the body, when ignited, tums black, 
owing to Separation of carbon. — In the examination for bases the 
different reagents serve to effect the actual Separation of the several 
groups of bases from each other ; but in the examination for acids tliey 
serve simply to deraonstrate the presence or absence of the acids 
belonging to the different groups. 

Let US suppoee we have au aqueous Solution oontaining the whole of 
the acids, in combination with soda, for instance. 

i^aryta forus insolable Compounds with sulphuric acid, phosphorio 
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ncid, ainoniouH acid, arHenic aoid, carboiiic add, ailicie acki, botBÖe aad, 
clironiic acid, oxalic acid, tartaric acid, and ätiie acid ; fly oK Ü t d 
liariuin also i» innolable, or at least oply sparingiy «olwble; au lim 
C(>n)|)OUDda are soluble in hydrochloric acid. wiih tlie cjuxpöm d 
»nlplittte of baryta. It therefore, to a portioo of oor ii^^itjml «t^if 
n<xx38Hary, neutralized Solution, we add, 

1. Chloride o/Bmrium, 

th« formation of a precipitate will denote tlie preaenoe of ml leMk oh 
of ÜH'ne acida^ By treating the precipitate with hjdrocblorie add «e 
loarn at once whether fiulphuric acid ia preaent or not, ma all the «ftbi of 
Iwryta >>oing soluble in this menstruum, with the exeeptiaii of te 
stilphato, a rosidue lefb undissolved by the hydrochloric acid ean 
only of tho latter salt. Where sulphate of baryta is preaent» tbe 
with Chloride of barium fails to lead to the poaitiTe <letection of tlie 
whole of the other acids enumerated. For upon filtering the hydro- 
chloric Solution of the precipitates and snpersaturating the fil träte wi;k 
ammonin, the borate, tartrate, citrate, &c, of baiyta do not alwmys &U 
down again, being kept in Solution by the chloride of aninmmam fonnei 
For this reason chloride of barium cannot serve to effect the actoil 
so|>amtioii of the whole of the acids nimed, and, ezoept as regutii 
snlphurio acid, wo set no value upon this reagent as a meaiia of cABCÜiig 
thoir individual detection. Still it is of great importanoe as a reagcati 
sinco tho non-forniation of a precipitate upon its application in neutnl 
or alkaliiio Solutions proves at once the absenoe of so oonsidenhle a 
iiumber of acida. 

Tho Compounds of silver with sulphur, chlorine, iodine, bronune^ 
cyaiioguii, ferro- and ferricyanogeu, and of the oxide of sÜTer with 
p)i(m[>horic acid, arsoTiioujs acid, arsenic acid, boracic acid, chromic acid, 
HÜicic Hcid, oxnlio acid, tartaric acid, and citric acid, are iiiiH>]ubIe in 
wattT. Tho whole of thüse Compounds are solublq in dilute nitric add, 
with tho oxooption of the chloride, iodide, bromide, Cyanide, ferro- 
cyanidü, fcrricyunido, and sulphide of silver. If^ therefore, we add 
to our Holution, which, for the reason just now stated, most be perfecUy 
neutnil, 

2. Nitrate of SilveTf 

and })reoipitation ensuos, this shows at once the presence of one or 
several of the acids enumerated : chromic acid, arsenic acid, and sevenl 
othors, which form colored salts with silver, may be individually leoog- 
niH(^d with tolerable certainty by the mere color of the precipitat& Bf 
treating the precipitate now with nitric acid, we see whether it oontaius 
sulphide of silver or any of the haloid Compounds of silver, as thcse 
remuiu undissolved, whilst all the oxide salts dissolve — Nitrate of silver 
fails to effect the complete Separation of those acids which form with 
oxide of silver comjKiunds insoluble in water, from the same cause which 
reuders the sejiaration of acids by chloride of barium uncertain, rix., 
the ammoniacal salt formed prevents the reprecipitation, by ammonia, 
of several of the salts of silver from the acid Solution. Nitrate of silver, 
besides effecting the Separation of chlorine, iodine, bromine, cyanogen, 
&c., and indicttting the presence of chromic acid, d^c., aenres, Hke the 
chloride of barium, to demonstrate at once the absenoe of a great many 
acids, where it produoes no precipitate in neutral Solutions. 
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The deportment wKich the Solution under examination exhibits with 
Chloride of barium and with nitrate of silver, indicates therefore at onoe 
the further course of the inyestigation. Thns, for instance, where 
Chloride of barium has produoed a precipitate, whilst nitrate of sÜTer has 
failed to do bo, it is not necesaarj to tesrt for phosphoric acid, chromic 
acid, boracio acid, ailicic acid, arsenions acid, anenic acid, oxalic acid, 
tartaric acid, and citric acid, proyided alwajs the Solution did not already 
contain salts of ammonia. The same is the oase if we obtain a predpi- 
täte bj nitrate of silver, but none bj chloride of barium. 

Ketaming now to the supposition which we have aasumed here, viz., 
that the whole of the aeids are present in the Solution under examination, 
the reactions with chloride of barium and nitrate of silver would accord- 
inglj have demoustrated alreadj the presence of sulphuric acid, and led 
to the application of the special tests for chlorine, bromine, iodine, 

CTANOOEN, FERBOCYANOOEN, FERRICTANOOEN, and 8ULPHUR ;* aud there 

would be reason to test for all the other acids precipitable by these two 
reagents. The deteotion of these acids is based upon the results of a 
series of special experiments, which have alreadj been fully described 
and explained in the course of the present work : the same remark 
applies to the rest of the inorganic acids, accordinglj to nitrio acid and 
chloric acid. 

Of the organic acids oxalic acid, paratartaric acid, and tartaric acid, 
are precipitated by chloride of calcium in the oold, in presence of chlo- 
ride of ammonium ; the two former immediately, the latter often only 
afler some time ; but the precipitation of citrate of Urne is prevented by 
the presence of salts of ammonia, and ensues only upon ebullition or upon 
mixing the Solution with alcohol ; the latter agent serves also to eneot 
the Separation of malate of lime from aqueous solution& I^ therefore^ 
we add to cur fluid,— 

3. Chloride qfCdUsivm and Chloride of Ammoniumf 

OXALIC acid, PARATARTARIC ACID, and TARTARIC ACID are precipitatcd, but 
the limesalts of several inorganic acids, which have not yet been separated, 
phosphate of lime for instance, precipitate along with them. We must 
therefore select for the individual detection of the precipitated organic 
acids such reactions only as preclude the possibility of confounding the 
organic acids with the inorganic acids that have been thrown down along 
with' them. For the detection of oxalic acid we select accordingly Solu- 
tion of sulphate of lime, with acetic acid ({ 14^) ; to effect the detection 
of the tartaric and paratartaric acids, we treat the precipitate produced 
by chloride of calcium with Solution of soda, since the lime-salts of these 
two acids only are soluble in this menstruum in the cold, but insoluble 
upon ebullition. 

Of the organic acids we have now still in Solution citric acid and malic 
acid, succinic acid and benzoic acid, acetic acid and formic acid. Citrio 
ACID and MAUC aud precipitate upon addition of alcohol to the fluid 
filtered from the Oxalate, tartrate, &c., of lime, and which still contains 
an Qxcess of chloride of calcium. Sulphate and berate of lime invariably 
precipitate alonff with the malate and citrate of lime, if sulphuric acid 
and boracic acia happen to be present ; the analyst must therefore care» 
fully guard against confounding the lime precipitates of these acids with 

* For tha Mpsn^te and tpoeial defteetioa of Ibtse «ibrtaDOM^ l refiv to 1 167. 

X 2 
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thoM of citric «cid and malic acid The ticohol is now remofedk 
evaporatioD, and,— 

4. Seaquiehloride of Iran 

added to the perfecta neutral flnid. This reagent precipitatet mnv 
ACiD and BENZOic ACID in combination with seaquiozide of izoo, wkil 
FÖRMIG ACID and AC£Tio ACID remain in solation. The metbodivU 
fierve to effect the aeparatioD of the sereral groapa from each othovsadAi 
reactions on which the individual detection of tJie varioiia addi k 1mi( 
have been fully desoribed and explained in the former pari of Üib «iL 

B. Special Remabkb akb Additions to ths Stbtkkaxio Cootf 

OF Ahaltsis. 

To § 189. 

At the oommencement of § 189 the analjst is direoted to mix nntal 
or acid aqueous Solutions with hjdrochloric acid. Thia ahonld be ta 
drop by drop. If no precipitate forma, a few dropa are auffident» ■* 
tho only object in that caae is to aoidify the fluid in order to pieveDitki 
BubHequent precipitation of the metals of the iron gronp by hTdraat 
])huric acid. In the oase of the formation of a precipitate^ aome dieBiili 
reconimeiid that a fresh portion of the Solution should be addified vitk 
nitrio acid. Uowever, even leaving the fnot out of oonaideratioa tW 
nitric acid also produces precipitates in many oaaee — ^in a aolaikerf 
})ota8Rio-tartrate of antimony, für instance— I prefer the nae of bydio* 
chloric acid, t.«., the complete precipitation by that acid of all thtt ii 
precipitablü by it, for the following reasons : — 1. Afletala are more nai% 
pt-ocipitated by hydrosulphuric acid from Solutions acidified with bydio- 
chloric acid, than from those acidified with nitric acid ; — 2. In ctfa 
Mrhcro the Solution contaius silver, suboxide of meroaiy, or lead, ^ 
fiirther analyBis is materiully facilitated by the total or partial predpife^ 
tion of tliese three metals in the form of chlorides ; — and 3. This lattc 
form is the best adapted for the individual detection of these thm 
nietalti wlien prcsent in the same Solution. Besidea, the applicatioa of 
hydrocliloric iicid saves the necessity of examining whether the meictnt, 
which may bo subsequently detected with the other metals of the fiät 
group, wa8 origiiially present in the form of oxide or in that of suboxidft 
That the lead, if present in large proportion, is obtained parÜy in the 
form of a chloride^ and partly in the precipitate produoed by hydrotol- 
])huric acid iu tho acid Solution, can hardly be thought an objectioa to 
the a]>plieation of this method, as the remoTal of the larger portion of 
the lead from the Solution, efiected at the commencement, will oulyserve 
to facilitato the examiiiation for other metals of the fiflh and sixih 
groups. 

As already reraarked, a basic salt of teroxide of antimony may separate 
from potassio-tartrate of antimony, for instance, or from aome other 
analogous Compound, and precii)itate along with the insoluble chlorideof 
silver and subchloride of mercury, and the sparingly soluble chloride of 
lead. This precipitate, however, is readily soluble in the exoeas of 
hydrochloric acid which is subsequently added, and exercises therefon 
no infiueuce whatever u])od tho further process. The application of 
heat to the fluid mixed with hydrochlorio acid is neither necessair 
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0nor even advisable, since it might cause the conversion of a little of 
the precipitated subchloride of mercury into cbloride. 

Should bismuth or cbloride of antimonj be present, the addition of 
the wasbings of tbe preoipitate produced bj bydrocbloric acid to the first 
filtrate will caufie turbidity, if tbe araount of free bydrocbloric acid 
preeent is not sufficieDt to prevent tbe Separation of tbe basic salt. Tbis 
turbidity exercises, bowever, no influence npon tbe furtber process, since 
Iijdrosulpburic acid as readily oonverts tbese finely-divided precipitates 
into salpbides, as if tbe metals were in actual Solution. 

In tbe case of alkaline Solutions, tbe addition of bydrocbloric acid must 
be oontinued until tbe fluid sbows a strongly acid reaction. The sub- 
stance which causes tbe alkaline reaction of the fluid combines witb tbe 
liydrocbloric acid, and the bodies originally dissolyed in that acid separate. 
Thus, if the alkali is present in tbe free State, oxide of zino, for in- 
stance, or alumina, &c., may precipitate. But these oxides will re- 
dissolve in an excess of bydrocbloric acid, wbereas cbloride of silver will 
not redissolve, and cbloride of lead only witb difficulty. If a metallic 
solphur Salt is the cause of tbe alkaline reaction, tbe sulpbur acid, e. g,, 
tersulphide of antimony, precipitates upon the addition of tbe hydro- 
öhloric acid, wbilst tbe sulpbur base, e, g., sulpbide of sodium, transposes 
witb the constituents of tbe bydrocbloric acid, forming cbloride of sodium 
and bydrosulpburic acid. If an alkaline carbonate, a Cyanide, or the 
sulpbide of an alkali metal is the cause of the alkaline reaction, carbonio 
acid, or hydrocyanic acid, or bydrosulpburic acid escapes. AU these pheno- 
niena should be carefully obseryed by tbe analyst, since they not only 
indicate the presence of certain substances, bat demonstrate also tbe 
absence of entire groups of bodies. 

Precipitates are produced also by hydrochloric acid in solutioBS eoDtaining alkali 
ialta of antimonic acid, tantalic acid, hyponiobic acid, niolybdic acid, and tungstio 
acid. The antimonic, tantalic, and molybdic acids precipitates dissolve (the tantalic 
seid precipitate to an opalescent fluid), whilst the hyponiobic and tungsiie acid preci- 
pitates are not dissolvcxl by an excess of the hydrochloric acid. The two latter acids 
are therefore eventually left in the precipitate, which may contain also chloride of 
nWer, subchloride of mercury, chloride of lead, and silicic acid. Separation of sulnhur 
ensning some time after addition of hydrochloric acid, and attended by a smell of 
■olphurous add, indicatee presence oi hifponäphiUt, 

To §§ 190 and 191. 

A judicious distribution and economy of time is especially to be 
Btndied in the practice of analysis ; many of tbe Operations may be car- 
ried on simnltaneously, which the Student may readily perceive and 
arrange for bimself. 

In cases where tbe analyst bas simply to deal witb metallic oxides of 
tbe sixtb group — e, g.<, teroxide of antimony — and of tbe fonrth or fiftb 
Gproup— e. g.f iron or bismuth, — he need not precipitate tbe acidifled Solu- 
tion witb bydrosulpburic acid, but may, afber neutralization, at once add 
sulpbide of ammonium in excess. The sulpbide of iron, &c., will in that 
3ase precipitate, wbilst tbe antimony, &c., will remain in Solution, from 
which they will, by addition of an acid, at once be thrown down as ter- 
sulphide of antimony, kc, Tbis method bas tbe advantage that tbe fluid 
is diluted^ess than is the oase where Solution of bydrosulpburic acid is 
3mplqyda, and that tbe Operation is performed more expeditiously and 
x>nveniently than is the case where hydrosulphoric acid gas is conducted 

i 
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ibto the fluid. Finallj, I mofi onee inor« mriad tk» atadeBl tkt 
the perfeot purity of the reageot^ and thmr proper «p i i i finnBj 
rank amongüt the moat indiapeiiMbla oonditioiMi of ■nrfiaaafiil aaaijaa 
ThU appliei more particularly to bydroaulphiirie acid, mpmcmitf ^hm 
imed in the gaseoui form. In snoh oaiaa atodenta aftim koa al^ 
of tho oircuiDBUuoe that hydrotulphurio aoid gaa fiüla to pffacipHte 
highly acid solutions unleis they be preTiomly dilatad with wmtoc Aimak 
aoid also is apt to eaoape detection if the analyat omita to prup ai ly aiqipat 
the actiou of tho hydrofulphurio add by application of haak 

It huppen» oooasionally that in treating acid aolationa wüh bydio- 
•ulphurio aoid, or in decomposiug by hydrochloric acad the ao^kidt 
of amroonium used to effect the solntion of atüphidea of the aixth gmp 
that may be preeent, precipitatea are obtained whioh look ahnoat lib 
pure sulphur, and thua leave the analyst in doabt wheiher i( m reiQf 
requifiite to examine thexn for metala In sach caaea the preciitttate aar 
be waahed, fint with water, then with alcohol, and treaited finally witk 
Bulphide of carbon, U> remove the Bulphur ; thia will ahow whetlMr « 
not a trifling quantity of a lulphide ia mixed with the aolphiir. 

The foUowing lulphidet of the rftrer elements dmi into the orpoipitale |«uJ ated hf 
hydroiiulpliuric acid in an acid eolutioD ; the ■ulphidet of paUadiom, rhndiom, o— i— ^ 
rutheniutn, Iridium,* molybdenuin, tellariuin, •eleniom.f 

Tlio followiny rarer oompoondi oauie Separation of ralpbari by dacom p o Ma g tht 
hydrueulphurio aoid : 

The bi|{her oxidei aod Chlorides of maoganese and oobalt, Tanadio acid (with Um 
ooloration of the fluid), nitrous acid, sulphurous aoid, hyposolphuroas aeid, hypocb k utm 
and ohlurous acids, bromio acid, and iodio add. 

Oti troatinff the preoipitate with sulphide of amtnoniam (solphide of aodhnaX tbs 
sulpiiidoM of iridiuin, molybdenum, tellurium, and selenium diseoiTe with tha snlphidei 
of anunio, antiniony, &c., whilst the sulphides of pailadium, rhodiam, naminm, ani 
rutheniuin reniain ttndissol?ed with the sulphides of iead, bisrnnth, fta. 

To 1 192. 

If a precipitate oontaining all the sulphides of the tizth group (of tin, aatiaoet, 
amenlo, tvllurium, selenium, moljbdenum, gold, platinura, and iridiuin) ii tatA 
Aocording to tlie Instructions of S 192, with carbonate and nitrate of aodm, and tbefsicii 
niass troated with oold water, the teUuric acid, $denie acid, and molybdie aeid diHolve 
with the amenio aoid, whilst the iridium is left undissolred with the binojdde of tia, 
the antimonate of soda, the gold, and the platinum. 

For the way of doteoting the rarer elements in the Solution and in the precipitsUh 
See 1 136. 

To § 193. 

Besides the methods deBcribed in the systematic eouney to diatingoisH 
between oadmium, oopper, lead, and bismuth, the followiog prooeM will 
aUo bo found to givo highly satisfactory results. Add carbonate oiaoda 
to the nitric acid Bolution as long as a preoipitate continuua to form, then 
Solution of Cyanide of potassium in excess, and heat gently. Thia effecti 
the oomplete Bei>aration of lead and bismuth in the form of oarbouatea, 
whilst oopper and cadmium are obtained in Solution in the fonn of 

* The metals of the platinum ores are precipitated with dÜficnlty by hydrocolphoric 
acid. To attain the end in view, hydrosulphuric acid gas mnst be peneveringly ooo- 
ducted into the fluid, aod heat applied to promote the action of the aoid. 

t TungHten and ranadium are not found in the preoipitate thrown down Crom an 
acid Solution by hydrosulphuric acid. They can be present only where th« fluid bai 
tirst been mixed with sulphide of ammonium, then with acid in exoess ; bot in tlut 
Gase thb Rulphides of nickel and oobalt will also be foond with thoae of the fifth aui 
•ixth groups. 
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Cyanide of oopper and potassium, and Cyanide of Cadmiom and potassium. 
Lead and bismuth may now be readily separated from one another by 
means of sulphuric acid. The Separation of tbe copper from tbe cadmium 
18 effected by addiug to the Solution of tbe cyaniaes of these two metals 
in Cyanide of potassiom, bydrosulphurio acid in exoess, gently beating, 
and then adding some more Cyanide of potassium, in order to redis* 
solve tbe sulphide of copper wbicb may bare precipitated along with 
the sulphide of cadmium. A residuary yellow^ precipitate (sulphide 
of cadmium), insoluble in the Cyanide of potassium, demonstrates the 
presence of cadmium. Filter the fluid from this precipitate, and add 
nydrocbloric acid to the filtrate, when the formation of a black precipitat> 
(sulphide of oopper) will demonstrate tbe presence of copper. 

Where there \a reason to suppose that the precipitate oontaining the sulphides of the 
fifth group (of copper, bismuth, &c.), contains al«io the sulphideeof palladium, rhodium. 
oemium, aod ruthenium, prooeed as foUows : 

Fuse the precipitate with hydrate of potassa and chlorate of potassa, heat, ultimately 
to redness, let cool, then treat the fused maüs with water. Tbe Solution oontainn osmate 
and ruthenate of potassa, which latter iiuparts a deep yellow color to it. If the fluid is 
cautiously neutralized with nitricacid, block §eiquioxide 0/ nUA^ntuf» separates ; if more 
sitrio acid is added to the filtrate, and the fluid then distilled, aamie acid passes over. If 
the reaidue left upon the extraction of the fused mass with water is gently ignited in 
hydrogen gas,* then cautiousiy treated with dilute nitric acid, the copper, lead, Jtc, 
»re dissolved, whilst the rhodium and palladium are left undissolved. The palladium 
niay then be dissolved out of the residue by means of aqua regia, leaving the 
rhodium undissolved. F<»r the further ezamination of the isolated metals, I refer to 
§ 124. A separate portion of the precipitate of (he sulphides must be examiued for 
uiercury, in the event of the above process being adopted. 

To § 194. 

Assuming all Clements not yet precipitated to be pretent in the fluid filtered from 
the precipitate produced in an acid Solution by hydrosulphuric acid, the precipitate 
produoed bj addition of Chloride of aomionium to this filtrate, neutralization with 
ammonia, and addition of sulphide of ammonium in ezcess, will contain the foliowinj; 
elements : 

a. In t^p form of sulphides : oobalt, nickel, manganese, iron, zinc, uranium ; 

h. In the form of oxidee : aluminium, beryllium, thorium, jdrconium, yttrium, 
terbium, erbium, cerium, lanthanium, didymium, chromium, titanium, tantalum, 
niobium.f 

Where there is reason to suspect the presence of some of the rarer elements in the 
precipitate, the following method may be recommended aa the most suitable in many 



Dry the washed precipitate, ignite in a porcelain orucible, then fuse peneveringly in 
a platinum crucible with cudd iulphate of potoMa ; let the fused mass cool, suak in 
cold water, and digest for some time, without appiication of heat. Filter the Solution 
froa the residue. 

The BESinui, which contains the acids of tantalum and niobium, and may contain 
also silicic acid and a little undissolved sesquioxide of iron and sesquioxide of chro- 
mium, gives, on fusion with hydrate of soda and some nitrate of soda, a mass out of 
which dilute Solution of soda will dissolve Chromate and Silicate of potassa, leaving 
undissolved, with the sesquioxide of iron, tantaiate and hyponiobate of soda (being 
insoluble in Solution of soda). After removing the excess of soda, treat repeatedly 
with a very dilute Solution of carbonate of soda, in which the htfoniobatk of soda 
dissolves much more readily than the tantalatb. For further examinatlon compare 
§ 104, 11 and 12. 

Treat the bolutiok, which contains all the other bases, &c., of the third and fourth 
groups, with hydrosulphuric acid, to reduoe the sesquioxide of iron, dilute consiHeratily, 
heat to boiling, and keep boiling for some time, whilst oonducting carbonio acid into 

* Cadmium may escape in this Operation, 
t Of hyponiobic acid only the trifling iraoes ledisMived on the preeipitation by 
bydroohlorio acid can be proeent bere. 
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the fluid. If a prpoipiUte is formed, examine thii for TiTjuno agid ; it wkkj |MbUj 
ooDUin also a liiUe iiroohia. 

Cuucen träte the filtrate by eTaporation, with addition of sonie nitrio acki, pndpi* 
tat« witb ammania, filter, and wash ; redisBulve the washed precipitate in hjdiuchbrir 
Hcid» and precipitate again with ainmonia. This will me almont tbe wboltcf tb 
IIKC, MAMQANISK, NICKEL, and COBALT in solution, whOnt the CArtba are kft o&- 
Rulved with the aeeauioxidee of iron, uraniuni, and cbromiain. Rediaeolve tkepn» 
pitate in hydrochlonc acid, and add to the tolution conemimted mluHom «fftlmm, 
without appljrinff heat This will leave in Solution the aesqoioxide of cbromiaB. tk 
alumina, and the beiyUa whiUt preoipitating the other eatths with the niiiiiirii« 
of iron and uranium. Dilute the allcaline Solution, sjid boil aome Urne ; tUi vi 
throw down the herylU and the sesquioxide of chromiom, leaving the Aunaxi ii 
Elution. The Utter earth may then be urecipitated by ohloride of ammooimB. tm 
the preoipitat« of bervlla and seequioxide or chromium with caurbonate of aods ui 
nitmte of notauwa, and separate the BERiLLA from the CHBomc AGIO in the nns my 
in which tne seiiaration of alumina from chromic acid is effected (§ 108). 

The i>recipitate, which oontaina the sesquioxidet of iron and armnium mnd tbe mÜi 
insotubie in potasi», niay under circumstancea, e,g^ in gresenoe of yttria and MsqjB* 
«ixide of oeriuui, also contain alumina and berylla. Diseolve it in hydiochlorie seid, 
roiiiove an over-large excees of the acid by evaporation, dilute, add carbcmaU tfk^fH, 
and let the niixture stand from foor to six houra in the oold. 

The precipitate produced oontains Uie bkbquioxidb of ibov, the BXBQüiozm or 
URAKIUM, and the alumina which may still be present. Rediasolve in hydro^brie 
acid, and separate the sesquioxide of uranium from the alumina and the eeequioxidi d 
in>u, by means of carbonate of ammouia added in excees. From the fluid filtscedoff 
tlie precipitate produced by carUtnute of baryta» remove the baryta bj salphnric add, 
oonoentmte strongly by evaporation, neutralize exactly witb potaasa (leaving tbe it* 
action rather acid than alkaline), add neutral nUphaie ofpotai§a in orjatala, boil, aad kt 
tlio fluid stand twolve hours. Then filter, and wash with a Solution of neotral snlplati 
of iH)taMa. The filtrate oontains that portion of the berylla which may bave escs|i«i 
Ht'lution by potassa, ahio yttria (together with oxide of erbium and ozide of terbiim). 
Tlu^iie substancee are precipitated by ammonia, and may then easilj be separated bf 
treating with a oonoentrated warm Solution of ooNÜie aeidf in which the bkxtua ii 
suluble, whilst the oxaUtes of tttria and of oxidb of ebbium and oxiDX OF tebbici 
are left undissolved. Now boil the precipitate of the double sulphatea of siroonis, &e. 
and potiissa rei>eatedly in water, witb addition of some hydrocidorio acid, wbicb «üi 
.diHNoIve the TUouiA and the oxidkb of cebium, leaying the sulphate of eibcxivli. sod 
poUftga undimolved. The thoria and the oxides of cerium ma^ then be precqiitafied 
frum the Solution by ammonia, and te8ted by the reactions descnbed in § 104. 

To §§ 195—198. 

The fluid filtered fh>m the precipitate produced by sulphide of ammoniam may not 
only contain the alkaline earths and the alkalies, but some nickel, and also Tanadio 
acid and that portion of the tungstic acid which has been left unprecipitated by bydrch 
chioric acid. The nickel, the vanadic arid, and the tungstic acid, are present as siii- 
phides dissolved in the exces» of sulphide of animonium ; they are throwu down in tbst 
tonn by just acidifying the fluid with hydrochloric acid. Filter the precipitate, wask, 
dry, fuse with carbonate of soda and nitrate of potassa, and treat the fused niaas with 
water ; this will dissolve the vanadate and tuugstate of potassa, leaviag the protoxidB 
of nickel undissolved. From this Solution the vanadic add may be separated by meiiis 
of solid Chloride of ammouium, the tungstic acid by evaporatiog with hydioohloric add 
and treating the residue with water. The two acids may then be examined aa diiected 
§ 113, 6, and § 135, c. i 

For the detection of lithium, ceesium, and rubidium, I refer to the analysis of miDCiil 
waters (2ö8) and (269). 

To § 203. 

If the rarer elements are taken into account, the number of bodies which are kft 
undissolved by treating a substance under examination with water, hydrochloric acid, 
nitric acid, and aqua regia, is much eularged. The following bodies, more espedalij, 
are either altogether, or in tbe ignited stute^ or in certain combinaüons, inaoluble ur 
slowly and sparingly soluble in acids : 

BerylU, thoria, and zirconia ; the oxides of cerium ; titanic acid and tantalie add ; 
hyponiobic acid and niobio acid ; molybdic acid and tungstic acid ; rhodium, iriduun, 
osmio-iridium, ruthenium. 

Wben you have, in the systematic course of analysis^ arrived at (208)» ^M tbe 
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snbstance, free from silver, lead, and eulphur, with carbonate of soda and 8ome nitrate 
of potassa, extract the fused niass repeatedly with bot waier, and, if a residue 18 left, 
iu;ie thia some time, in a silver crucible, with bydrate of potassa and nitrate of potaasa, 
aiid again treat the faaed maas repeatedly with water. The alkaline Solution«, which 
nmy be examined separately or together, may contain berylla, a portion of the titanio 
acid, the tantalic acid, the niobic acid, the molybdic acid, the tungstic acid, the ostnio 
and rathenic acids, and a portion of the iridium present. 

If the rettidue left undissolved by the preceding Operation ia fused with acid aulphate 
öf potassa, and the fused maas treated with water, the thoria and xiroonia, the oxidea 
of cerium, the reroainder of the titanic acid, and the rhodium may dissolve. A residue 
left by this Operation may consiat of platinum ore metala that have escaped decompo« 
aition by fluxing, and had best be mixed with ohloride of sodium, and ignited in a 
atream of chlorine. 

With respect to the Separation and individual detection of the several elements ihat 
have passed into the different soIutions, tbe requisite directions and instructions have 
been given in the third aection of Part I., and in the additional remarka to §§ 189-198. 

To § 204. 

The analTsis of cyaDogen Compounds is not veiy easj in certain cases^ 
and it is sometimes a difficult task even to asoertain whether we have 
reallj a Cyanide before us or not. However, if the reactions of the sab- 
stance ander examiuation apon ignition (8) be carefuUy observed, and 
also whether apon boiling with hydrochloric acid anj odor of hydro- 
cyanic acid is emitted (35)» the presence or absence of a Cyanide will 
generally not long remain a matter of donbt. 

It must above all be borue in mind that the insolnble cyanogen Com- 
pounds occiirring in pharmacy, (kc., belong to two distinct classes. Viz., 
they are either simple cyanidbs, or Compounds of mbtals witu ferro- 
CYAKOOEN or somo other analogous Compound radical. 

All the simple cyanides are decomposed by boiling with concentrated 
hydrochloric aicid into metallic Chlorides and hydrocyanic acid. Their 
analysis is therefore never difficult Bat the ferrocyanides, &c., to which 
indeed the method described § 204 more exclusively refers, suffer by 
acids such complicated decompositions that their analysis by means of 
acids is a task not so easily accomplished. Their decomposition by 
potassa or soda is far more simple. The alkali yields its oxygen to the 
inctal combined with the feiTOcyanogen, (fec., the oxide thus forined 
precipitates, and the reduced potassium or sodium forms with the 
liberated radical soluble ferrocyauide, &c., of potassium or sodium. 
But several oxides are soluble in an excess of potassa, as, e.g.y oxide 
of lead, oxide of zinc, &o. If, therefore, the double ferrocyanide of zLno 
and potassium, for instance, is boiled with Solution of caustic potassa, it 
dtssolves com[)letely in that menstruum, and we may assume that the 
Solution contains ferrocyanide of potassium and oxide of zino dissolved 
in potassa. Were we to add an acid to this Solution, we should of oourse 
simply re-obtain the original precipitate of the double ferrocyanide of 
zinc and potassium, and the experiment would consequently be of no 
avail. To prevent this failure, we conduct hydrosulphuric acid into the 
Solution in potassa, but only until the precipitable oxides are completely 
thrown down, and not until the Solution smells of sulphuretted hydrogen. 
This serves to convert into sulphides all the heavy metals which the 
potassa holds in Solution as oxides. Those sulphides which are in.soluble 
in potassa, such as sulphide of lead, sulphide of zino, <fea, precipitate, 
whilst those which are soluble in alkaline sulphides, such as bisulphide 
of tin, tersttlphide of antimony, &a, remain in Solution. To etfect the 
detection of these also, the fluid is now acidified with nitric acid, and, if 
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n«r«aitarj« more hjdrotnlphario acid oondncted into it. Tlie flnid 
W (Ulut4Hi Wore the nitrio acid is added, and a hagt cMJtcm Gf tke kaer 
avoidod, an othorwim the fluid will show a blne ooloimfeioBi ranard bj tke 
dtHH)m|Mwition of the liberated hydroferrocyaoic acsd. 

Tho fluid flitrred from the preoipitated oxidea and aolpliidca areord- 
ingly alwAy« oontaina the cyaDogen aa ferrocjanidey Jte^ c»f potBaEnm— 
im^vuliHl of coureOi the analyzed Compound is reallj m diooble fem- 
v\ HintUs %^(v From moat of theee compouuds — ^ferrocjanldc^ fierricjaai^ 
virntmicvAuido, and manganocyanide of putaMium — the cymnogeo paTuV 
ü'immt«« aN hydrocjanio acid, upon boiling the Solutions with modmirlj 
dilutcHi Milphurio acid, and may thus be readiiy detected hj this metcä» 
»hould tho diriH^t way of detecting the radicab fail to giv« the desired 
i*««fiulu l)ut tho oolmlticyanide of potaasium is not deoompo«ed bj difaita 
aulpliurio aoid, aiul tlie analyst is aocordingly directed to efiect tbe 
dt»tcH'tion of tho com|x>und radical in that aalt by means of aolutionof 
iiiokel, nmnganoa«, aiuc, ^ By fuaion with nitrate of potaasa aU thfae 
thnihlo ooninounda aufler deoonipoaition, oobalticyanide of potaasinm 0*4 
oxivptoil The reaaon why the fuaion of tbeae double oompoands vitk 
uiti'HCo of {xitM^aa nhould be preceded by eyaporation with an excesiof 
nitrio acid, in ainiply to prevont the ooourrenoe of exploeionfl. Gaution is 
alwuya highly advisable in thia Operation. 

1f you Hiu)))ly winh to examine for baaes in simple or oompomd 
cyanidi'H, and for that purposo to deetroy the qyanogen oomponnd, reduoe 
tii«^ Hulmtauct) undor oxaniiuatiou to {)owder, tranafer thia to a platioua 
>nim4, |H>ur over it oonoenti*ated aulpburio acid, dilnted with a littie 
\sHU«r, and hoat long and intonaely until the whole of the free sulphorie 
aoii) ia drivon oflT. The reaiduary mana conaista of sulphatea, which are 
thon (ÜHMilvtHl in hyilnnshloric acid and water (H. Robb — Zeitschrift! 
AuHlyu Chom. 1, 1U4). 
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I. 

DePORTMENT OF THE MOST IMPORTANT MeDIOINAL AlKALOIDS WITH 
EeaGENTS, and StSTEMATIO MbTHOD OF EFFECTINO THE DeTECTIOK 
OF THESE SUBSTANCES. 

§ 229. 

The detectioQ and Separation of the vegeto-alkalie», or alkaloids, is a 
task of &r greater diffioultj than that of most of the inorganio bases. 
Although this diffioulty is in some meaaure owing to the circumstance 
that Bcaroely one of the Compounds which the alkaioida form with other 
Bubstances is absolutelj insoluble or particulafly characterized hy its 
oolor or anjr striking propertj, yet the principal cause of it must be 
ascribed to the want of accurate and minute investigationt of the salts 
and other Compounds of the alkaloids, and of the producta of their 
deoomposition. We oonsequentlj generallj see and apprehend the reao- 
tions only in their external maoifestation, but with out being able to 
connect them with the causes producing them, which makes it impos- 
flible to anderotand all the conditions which may exercise a modifying 
inflnenoe. 

Although therefore, in the present imperfect State of our knowledge 
of these bodies, an attempt to define their deportmeut with reagents, and 
base thereon a method of effecting their Separation or, at least^ their in- 
dividuai detection in presence of each other, must of necessity fall very 
Short of perfection, yet, having made a great many experiments on the 
nature and deportment of these snbstanoes, I will attempt here^ for the 
benefit of young chemists, and more particnlarly pharmaceutists, to 
describe in some measure the reactions which the most important of the 
alkaloids manifest with other bodies, and to lay down a systematio 
method of effecting their iudiyidiial deteotion. 

The Classification of the alkaloids into groups which I have adopted is 
based upon their deportment with certain general reagents. I have 
verüied by numerous experiments the whole of the reactions described 
in the succeeding paragraphs. 

Keoent investigations have shown that several of the alkaloids, in the 
State in which they are obtaiued by the usual methods of preparing them, 
and in which they occor in commerce or are nsed in pharmacy, must not 
be looked upon as simple organic bodies, but as consisting of severali 
often even of many, very closely allied alkaloids. Thus, for instance, 
common narcotine contains three or four homologouB bases; thus 
Sohützenberobb has produced from so-called brucia, by fractioual crystal« 
lization, ten alkaloids, analogous in form of crystailization and in deporl« 
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nient with nitric acid, but differing in oomposition and in BoluUlityii 
water. As these Tarieties have not as yet been stodied with regudü 
their reactiona, I have of courae been obliged to disregard tbem ah^rtkr 
in the sobjoined courae of analysis, which therrfore must be held to ids 
simplj to the vegeto-alkaliea in the pure state, such as they have hitkrti 
been assumed to exist. 

I. YOLATILB ALKALOID& 

The Yolatile alkaloids are fluid at the common temperatare, and fuj 
be volatilized in the pure State as well as when mixed with water. T^ 
are accordinglj obtained in the distillate when their aalts ai« dktilM 
with streng fixed bases and water. Their vapora, when bronght in eot- 
tact with tihose of yolatile acids, form a white doad. 

1. Nicotina, or Nicotine (C^, H, N). 

§230. 

1 . Nicotina, in its pure State, form a colorless, oilj liqnid, of 1-048 spi 
gr. ; the action of air imparts ayellowish or brownish tint to itw Itboili 
at 482^ F., Buffering, howeyer, partial deoomix)8ition in the proceas; bot» 
when heated in a stream of hydrogen gas, it dibtils over analtera^ 
between 212^ and 392*" F. It is miscible in all proportions with watei^ 
alcohol, and ether. 

Nicotina has a peculiar, disagreeable, somewhat ethereal, tobaooo-lika 
oder, an acrid, pungent taste, and very poisonous properties. Dropped 
on paper, it makes a transparent stain, which slowly diaappears ; it tont 
turmeric-paper brown, and reddened litmus-paper blae. CoDcentntod 
aqueous Solution of nicotina shows these reactions more diatinctly thsn 
the alkaloid in the pure State. 

2. Nicotina has the character of a pretty strong base ; it precipitttei 
metallic oxides from their Solutions, and forms salts with acida The 
salts of nicotina are freelj soluble in water and alcohol, insoluble in ether; 
thej are inodorous, but taste streng! j of tobacco ; part of them aie 
crystallizable. Their Solutions, when distilled with Solution of potasBSi 
give a distillate containing nicotina. By neutralizing this with oxalic acid, 
and evaporating, Oxalate of nicotina is produced, which may be freed from 
any admixture of Oxalate of ammouia, by means of spirit of wine^ in 
which the former salt is soluble, the latter insohible. 

3. If an aqueous Solution of nicotina, or a Solution of a salt of nicotini 
mixed with Solution of soda or potassa, is shaken with ether, the nicotina 
18 dissolved by the ether ; if the latter is then allowed to evapoiateona 
watch-glass, the nicotina remains behind in drops and streaks ; on warm- 
ing the watch-glass, it volatilizes in white fumes of strong odor. 

4. ßichloride of plcUinum produces iu aqueous Solutions of nicotina 
whitish-yellow flocculent precipitates. On heating the fluid containing 
the precipitate, the latter dissolves, but upon continued application (^ 
heat it very speedily separates again in form of an orange-yellow, cry* 
stalliiie, heavy powder, which, under the raicroscope, appeara to be com- 
posed of roundish crystalline grains. If a rather dilute Solution of nicotina, 
supersatumted with hydrochloric acid, is mixed with bichloride of 
))latinura, the fluid at iirst remains clear ; after some time, however, the 
double salt separates in small crystals (oblique, four-sided prisma), clearly 
discemible with the naked eye. 
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5. Terchloride ofgoLd prodiices a reddish-yellow flocculent precipitate, 
«paringly so! üble in bydrochloric acid. 

6. Solution of iodine in iodide o/potasamm and water, when added in 
small quantity to an aqueous Solution of nicotina, produces a jellow pre- 
oipitate, which after a time disappears. Upon further addition of iodine 
Solution, a copious kermes-colored precipitate separates ; but this also 
disappears again afler a tiroe. 

7. Solution oftannic acid produces a copious white precipitate, which 
redissolves upon addition of bydrochloric acid. 

8. If an aqueous Solution of nicotina is added to a Solution of chlaride 
ofirwrcury in excess, an abundant, flocculent, white precipitate is formed« 
If Solution of Chloride of ammonium is now added to the mixture in 
Bufficient quantity, the entire precipitate, or the greater part of it, redü»- 
Bolves. But the fluid yeiy soon tums turbid, and deposits a heayy white 
precipitate. 

2. CoNiA, or CoNiNE (C„ H„ N). 

§231. 

1. Conia forms a colorless oily liquid, of 0*87 sp. gr. ; the action of 
the air imparts to it a brown tint. In the pure state it boils at about 
392^ F. ; when heated in a stream of hydrogen gas, it distils over un- 
altered ; but when distilled in vessels containing air, it turns brown and 
Buflers partial deoomposition ; with aqueous vapors it distils over freely. 
It dissolves sparingly in water, 100 parts of water of the commou tem« 
perature dissolving 1 part of conia. The Solution tums turbid on warm- 
ing. Conia is miscible in all proportions with alcohol and ether. The 
aqueous and alcoholic Solutions manifest streng alkaliue reaction. Conia 
bas a very streng, pungent, repulsive oder, which aflects the head, a most 
acrid and disagreeable taste, and very poisonous properties. 

2. Conia is a streng base \ it accordlngly precipitates metallic oxidea 
from their Solutions, in a similar way to ammonia, and forms salts with 
acids. The salts of conia are soluble in water and in spirit of wine, but 
uearly in soluble in ether. Hydrochlorate of conia crystallizes readily ; 
the smallest quantity of this base, brought in contact with a trace of 
bydrochloric acid, yields almost immediately a corresponding quantity 
of non-deliquescent rhombic crystals (Th. W£BTHKI1i). The Solutions of 
the salts of conia tum brownish upon evaporation, with partial decom« 
Position of the conia. The dry salts of conia do not smell of the alkaloid ; 
when moistened, they smell only feebly of it ; but upon addition of 
Solution of Aoda, they at once emit a streng conia oder. When salts of 
conia are distilled with Solution of soda, the distillate contains conia. On 
neutraliziug this with oxalio acid, evaporating to dryness, and treating the 
residue with spirit of wine, the Oxalate of conia formed is dissolved, 
whilst any Oxalate of ammonia that may be present is lefl undissolved. 
Ab conia is only sparingly soluble in water, and dissolves with still 
greater difficulty in Solutions of alkalies, a concentrated Solution of asalt 
of conia turns milky upon addition of Solution of soda. The minute drops 
which separate unite gradually, and collect on the surface. 

3. If an aqueous Solution of a salt of conia is shaken with soliUion of 
9oda and e^Aer, the conia is dissolved by the ether. If the latter is then 
allowed to evaporate on a watch-glass, Uie oonia is left in yellowi8h-<x>lored 
oily drops. 
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4. ConcerUrcUed nitrie ctctd imparts a fine blood-red tint to oonia; 
stiiphuric acid, ti]^\xT]^\e-Ted color, which sabsequently tams to oUt»- 
greeiL 

Ö, Terchloride o/gold produces a jellowiBb-white preoipttate, imohibJf 
in hydrochlorio acid ; cMoride of m&rcury, a oopioua white predpitate^ 
Boluble in hydrochlorio acid. Bichloride qfplatinum does not precipitatt 
aqueons Solution» of salts of oonia, the conia componiid oorreapoDdiDg to 
aramonio-bichloride of platinum being insoluble in ipirit of wioe and 
ether, but soluble in water. 

6. To Solution of iodine in iodide qf pokudum and water^andto 
Solution of ta/nnie acidy conia comports itself the same as niootina. 

7. Chlorine tocUer produces in a mixture of water and oonia a 8tron|^ 
white turbidity. 

8. If an aqueons Solution of conia is mixed with a Solution otaümmen, 
the albumen coaguiates. Aniline ia the only other volatile vegeto-alkali 
which shows this reaotion. 

The volatile alkaloids are easily recognised when pure ; the grast 
object of the analyst must accordingly always be to obtain tbem in that 
State. The way of effecting this is the same for nicotia as for oonii, 
and has already been gvven in the foregoing paragraphs, via., to distil 
with addition of Solution of soda, neutralize with oxalio acid, evaporate, 
dissolve in alcohol, evaporate the Bolution, treat the reeidue with water, 
add Solution of soda, shake the mixture with ether, and let the latter 
evaporate spontaneously. Conia is di^tinguished from nicotina ohiefly bj 
its odor, its sparing solubility in water, and its comportment wid 
chlorine water, and bichloride of platinum. 

II. NON-VOLATILE AlKALOIDS. 

The non-volatile alkaloids are solid, and cannot be distilled over with 
water. 

FIRST GBOUP. 
NON-YOLATILE AlKALOIDS WHICH ARE PRECIPITATED BT PoTASSA OR 

Soda fbgm the Solutions of their Salts, and redissolys 

READILT IN AN £X0£SS OF THE PrECIPITANT, 

Of the alkaloids of which I purpose to treat here, one only belongs to 
this group, yiz., 

MoRPHiA, OR Morphine (C^H^,NO, = Mo). 

§ 232. 
+ 
1. Orystallized morphia (Mo + 2 aq.) usuolly appears in the form of 
colorless, brilliant four-sided prisms, or, when obtaiued by precipitation, 
as a white cry stalline powder. It has a bitter taste, and dissolves veiy 
sparingly in cold, but somewhat more readily in boiling water. Of cold 
alcohol it requires about 90 parts by weight for Solution ; of boiling 
alcohol from 20 to 30 parte. The Solutions of morphia in alcohol as 
well as in hot water manifest distinctly alkaline reaotion. This alkaloid 
is nearly insoluble in ether ; it dissolves in amyl-alcohol in the cold, 
but more freely with the aid of heat. At a moderate heat the cxyatai- 
lized morphia loses the two equivalents of water. 
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2. Morpbia neutralizes acids completely, and forma with them the 
8ALT8 OF MOBpaiA. These salta are readilj soloble in water aud ia 
spirit of wine, bat iusoluble in ether and amyl-alcohol ; their taste is 
diaagreeably bitter. Most of them are crystallizabla 

3. Faicuaa and cMimanm precipitate from the Solutions of salts of 

+ 
morphia — ^generally only after some time— Mo + 2 aq., in the form of a 
white crystalline powder. Stirring and friotion on the sides of the 
vessel promote the Separation of the precipitate, which redissolves with 
great readiness in an excess of potassa, but more sparingly in ammonia. 
It dissolves also in chloride of ammonium and, though with diffioulty 
only, in carbonate of ammonia. 

4. Car^HmtUe of potasaa a/nd eaurbonate of soda produce the same pre- 
cipitate as potassa and ammonia, bat ikil to redissolve it upon addition 
in excess. Gonseqaently if a fixed alkaliue bicarbonate is added to a 
Solution of morphia in caustic potassa, or if carbonic acid is conducted 

+ 
into the Solution, Mo + 2 aq. separates,— espeeially after previous ebul- 
lition — in the form of a crystalline powder. A more minute inspection, 
particularly through a magnifying glass, shows this powder to consist of 
small acicular crystals ; seen through a glass which magniües 100 times, 
these crystals present the form of four-sided prisms. 

5. Bicobrbonate of aoda and bicarbonate of pota^saa speedily produce in 
Solutions of neutral salts of morphia a precipitate of hydrated morphia, 
in the form of a crystalline powder. Tbe precipitate is insoluble in an 
excess of the precipitants. These reagents fail to precipitate acidified 
Solutions of salts of morphia in the cold. 

6. The action of streng nüric acid upon morphia or one of its salts, 
in the solid state or in coucentrated Solutions, produces a fluid varying 
from red to yellowish-red. Dilute Solutions do not ohange their color 
upon addition of nitric acid in the cold, but upon heating they acquire a 
yellow tint. 

7. If morphia or a Compound of morphia is treated with pure oonceU'* 
trated sulphv/ric acid, and heat applied, a colorless Solution is obtained ; 
if, after cooling, 8 to 20 drops of stdphuric €icid inixed toith aome nitriö 
acid* are added, and 2 or 3 drops of water, the fluid aoquires a violet* 
red coloration (geutle heating promotes the reaction) ; and if from 4 to 
6 clean lentil-sizt'd fragments of binaxide of manganese are now added, 
or a Fragment o£ Chromate of potassa (Otto), tbe fluid acquires an intensely 
mahogany-brown color. If the fluid is then diluted with 4 parts of 
water, properly cooled in a test tulie, and ammonia added until the 
reaction is altnost neutral, a dirty -yellow color makes its appearauoe, 
which tums brownish red upon supersaturation with ammonia, without 
depoeiting an appredable precipitate (I. ERDMAim). 

8. Neiftral seiqyiddoride of iron imparts to neutral Solutions of salts 
of morphia a beautifhl dark blue color, which disappears upon the 
addition of an acid. If the Solution contains an admixture of animal or 
vegetable extractive matters, or of acetates, the color will appear clouded 
and leM distinet. 

9. If iodic acid is added to a solation of morphia or of a salt of 

* Mix 6 drops of nitrio seid of 1*25 tp. gr. witb 100 eubie oenthnetrei of water, 
and add 10 dropt of tbk mixtan to %0 gmiunioi of puro oonoentimted solphuxio add. 
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morphia, iodihe separates. In oonoentrated aqueons BoIntioiiB tlie rnft- 
rated iodine appears as a kermea-brown preoipitate, whilst to akoluilie 
and dilute aqueons sointions it imparts a brown or jellowiili-biowii 
color. The addition of starch-paste to the flaid, no matter wiMther 
made before or after that of the iodic acid, oonaiderablj heighteu thi 
delicaojr of the reaction, since the blue tint of tlie iodide of sUrok 
remains still perceptible in ezceedinglj dilnte aolutionfly which is not the 
caso with the brown color imparted by iodinei Aa other nitingenooi 
bodies (albumen, caseine, fibrioe, &a) likewise reduoe iodic acid,tiüi 
reaction has only a relative value ; however, if amtnonia i» added aAer 
the iodic acid, the fluid beoomes colorless if the Separation of iodine hm 
been caused bj other subetanoes, whilst the ooloration becomes modi 
more intense if it is owiog to the presenoe of morphia (Leiort).* 

BEOOHD GROUP. 
NON-VOLATILK AlKALOIDS WHICH ARE PRECIPFFATED BT POTASSA IBOI 

THE Solutions op their Salts, but do not redissolyb to a pn- 

CEPTIBLB ExTENT IN AN ExCESS OP THE PRBOIPITANTy AMD ARE PU- 

cipitatcd by Bicarbonate op Soda eyen feox Acid Solutiosi» 
if the latter are not diluted in a larger proportion tTii^t^ 1 :100; 
Narcotina, Quina, Cinchonia. 

+ 
a. Narcotina, or Narcotine (C^H^NOj^ = Na). 

§ 233. 

+ 
1. Crystallized narcotina (Na + aq.) appears nsnally in the form of 
colorless, brilliant, straight rhombic prisms, or, when precipitated bj 
alkalies, as a white, loose, crjatalline powder. It is insoluble in water. 
Alcohol and ether dissolve it sparinglj in the cold, bnt somewhat more 
readily upon heating. Solid narcotina is tasteless^ bnt the alcoholic and 
ethereal Solutions are inteiisely bitter. Narcotina does not alter Yegt' 
table colors. At 338** F. it fuses, with loss of 1 eq. of water. 
. 2. Narcotina disaolves readily in acids, oombining with them to sal^ 
These salts have invariably an acid reaction. Those with weak acids 
are decomposed by a large amuunt of water, and, if the acid is yola- 
tile, even upon simple eva]K)ratioD. Most of the salts of narootine are 
amorphous, and soluble in water, alcohol, and ether ; thej haye a Intter 
taste. 

3. Pure dücalies, and alkaline carhoncUes and hicarbonatea^ immediately 

+ 
precipitate from the Solutions of salts of narcotiDe Na + aq. in the form 
of a white powder, which, seen through a leiis niHguifying 100 timeft, 
ap])ear8 an aggregate of small cry stall ine needles. The precipitate is in- 
soluble in an excess of the precipitants. If Solution of Darcotiiia is 
mixed with ammonia, aod ether added in sufficient quantitj^ the nar- 

* Lrfobt (Zeitschrift f. anal. Chem. I., 134) recommends the followiog method 
for the detectioD of small quantities of morphia : moisten stripe of very white UBtiiMd 
paper with the morphia Solution, dry, and repeat the Operation aeveral timee to as to 
ensure absorption by the paper of a tolerably large quantity of the fluid ; the dried 
paper contains the morphia in the solid State, most finely divided. Kitric acid, seMoi- 
Chloride of iron, and iodic acid and antmonia will readily and with positive diatincUM« 
■how the characterbtic reactions on paper ao prepared. 



APPENDIX. 821 

ootine wbich lias separated upon the addition of the ammonia, rediasolves 
in the etber, and the elear fluid presents two distioct lajers. If a drop 
of the ethereal Solution ib evaporated on a watoh-glass, the reaidue is 
eeen, npon inspection throngh a lenfi magnifying a hundred times, ta 
consist of small, dbtinct, elongated, and lance-shaped ciystals. 

4. CancerUrcUed nürie cteid dissolyea narootine to a colorlesa fluid, 
wbich acquires a pure jellow tint upon application of heat 

6, If a small quantitj of pure narcotine is treated with from 4 to 6 
drops of pure eonceiUraUd aulphuric cteidf no ooloration is observed, not 
evea on the application of a gentle heat, or, at least, the heated fluid 
acquires only a barelj perceptible yellow tint, but upon adding now, afber 
Qooling, from 8 to 20 drops of sulphuric aoid mixed with a Uttle nürie 
€und (see foot-note to § 232, 7, page 319), and 2 or 3 drops of water, the 
fluid acquires an intense red oolor. Addition of binoxide of manganese 
does not materially change the color. I^ after dilution, ammania ib added 
to nearly neutral reaction, the color becomes less intense, in consequenoe 
of the dilution. Addition of ammonia in exoess produces a copioua 
dark brown precipitate (J. Erdhakn). 

6. If the Solution of a salt of narootine is mixed with chlorine tocUer, 
it acquires a yellow color, slightly inclining to green ; if ammonia is 
then added, a much more intensely colored yellowish-red fluid is 
obtained. 

7. If narcotine or one of its salts is dissolved in an excess of dilnte 
eulphuric cuddy some finely levigated binoxide o/numganese added, the 
mixtnre heated to boiling, and kept in ebullition for the space of several 
minutes, the narcotine absorbs oxygen and is converted into opianic 
acid, cotamine (a base soluble in water), and carbonic acid. Ammonia 
will now of course £äil to precipitate narcotine firom the flltrate. 

+ 
6. QünsrA, or QüiNiNK (C^H^N,0^ = Q). 

§234. 
+ 

1. Ciystallized quina (Q + 6 aq.) appears either in the form of fine 
crystalline needles of silky lustre, which are frequenüy aggregated into 
tufts, or as a loose white powder. It is sparingly soluble in cold, but 
fiomewhat more readily in hot water. It is readily soluble in spirit of 
wine, both cold and hot, but less so in ether. The taste of quina is in- 
tensely bitter ; the Solutions of quina manifest alkaline reaction. XTpon 
exposure to heat it loses the 6 eq. of water. 

2. Quina neutralizes acids completely. The salts taste intensely 
bitter; most of them are crystallizable, difficultly soluble in cold, 
readily soluble in hot water and in spirit of wine. The acid salts 
dissolve very freely in water ; the Solutions reflect a bliiish tint If 
a oone of light is thrown into them, by means of a lens either hori- 
zontally or yertically, a blue cone of light is seen even in highly dilute 
Solution. 

3. Fotassa, (Mnmonia, and tbe neutral carboTuUes of the cdkalies produce 
in Solutions of salts of quina (if tbey are not too dilute) a white, loose, 
pnlverulent precipitate of hydiated quina, which immediately after pre- 
cipitation appears opaque and amorphous ander the mioroscope, but 
asBumes, afber the lapse of some time, the appearanoe of an aggregate of 
crystalline needles. The precipitate redissdlTea ddjr to a wauxAj per- 
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ceptible extent iu an exoess of potassa, but more so in ammoniiw It 
Ib hardly more soluble in fized alkaline carbonates than in pure water. 
If a Solution of quina is mized with ammonia^ ether added, and the 
mixture shaken, the quina which has separated upon the addition of the 
ammonia, redissolves in the ether, and the dear fluid preaenta two d» 
tinct lajers. In this point quina differs easentially from cinchonia ; hf 
means of this reaction the former may therefore be readilj deteeted in 
presence of the latter, and separated from it. 

4. Bicaahonate ofioda also produoes both in neutral and acid aolotioos 
of salts of quina a white precipitate. In aeidified Solutions oontaiuiiig 1 
part of quina to 100 parte of acid and water, the precipitate forms im- 
mediately ; — if the proportion of the quina to the acnd and water a 
as 1 : 150, the precipitate separates only afber an hour or two, in tlie 
form of distinct needles, aggregated into groups. If the proportion is u 
1 : 200, the fluid remains clear, and it is only afber from twelve to 
twenty-four hours' Standing that a slight precipitate makes its a{^Mi^ 
ance. The precipitate is not altogether insoluble in the precipitant^ and 
the Separation is accordingl j the more complete the leas the ezoe« of 
the precipitant ; the precipitate contains carbonic acid. 

5. ConcentrcUed nUric acid dissoWes quina to a colorless fluid, tnming 
yellowish upon application of heat 

6. The addition of chlorine uxiter to t}ie Solution of a aalt of quin 
£bl\\b to impart a oolor to the fluid, or, at least, imparts to it only a Teiy 
faint tint ; but if ammouia is now added, the fluid acquires an inteiue 
emerald-green oolor. If^ afler the addition of the chlorine water, sonie 
Solution of /errocyanide of potasnum is added, then a few drops of 
ammonia or some other alkali, the fluid acquires a magnificent deep red 
tint, which, however, speedily changes to a dirty brown. This reaotioD 
is delicate and characteristio. Upon addition of an acid* to the red fluid, 
the color vanishes, but reappears afterwards upon cautious addition of am- 
monia. (O. LivoNius, communicated in a letter to the author ; A. Yogil) 

7. ConcentraUd svlphwric acid likewise dissolves pure quina and pure 
salts of quina to a colorless or very faint yellowish fluid ; application of 
a gentle heat turns the fluid yellow, application of a strenger heat 
brown. Sulphuric acid containing an admixture of nitric acid dissolvee 
quina to a colorless or very faint yellowish fluid. 

8. As regards Herapath's quinine reaction, based upon the polaris- 
iug properties of sulphate of iodide of quinine, I refer to FhU. Mag, 
vi. 171. 

-»• 
c Cinchonia, or Cinchonine (C^H^N,0, = CiX 

§235. 

1. Cinchonia appears either in the form of transparent, brilliant, fimr- 
sided prisms, or fine white crystalline needles, or, if precipitated 
from concentrated Solutions, as a loose white powder. At first it is 
tasteless, but after some time the bitter taste of the bark beoomea per- 
ceptible. It is nearly insoluble in cold water, and dissolves only with 
extreme difficulty in bot water ; it dissolves sparingly in cold dilute spirit 
of wine, more readily in bot spirit of wine, and the most freely in abso- 
lute alcohol. From hot alcoholic Solutions the greater portion of the 
disäolved cinchonia separates upon cooling in a crystalline form. Sola- 

* Aoetic acid answen the purpose beit. 
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tions of cincbonia taste bitter, and manifest alkaline reaction. Cin- 
chonia is insoluble in etber.* 

2. Cincbonia neutralizes acids completelj. Tbe salts bave tbe bitter 
taste of tbe bark ; most of tbem are crystallizable : tbej are generally 
more readily soluble in water and in spirit of wine tban tbe correspond- 
ing quina Compounds. Etber falls to dissolve tbem. 

3. Cincbonia, wben beated cautiouslj, fuses at first witbout loss of 
water ; subseqaentlj wbite fumes arise wbicb, like benzoio acid, condense 
lipon cold substances^ in tbe form of small brilliant needles, or as a loose 
snblimate, a peculiar aromatio odor being exbaled at tbe same time. If 
tbe Operation is conducted in a stream of bydrogen gas, long brilliant 
prisms are obtained (Hlasiwetz). 

4. Potassa, ammania, and tbe neiäral carhoncUes of the (dkalies prodnce 
in Solutions of salts of cincbonia a wbite loose precipitate of cinchonia, 
"wbicb does not redissolve in an excess of tbe precipitants. If tbe Solu- 
tion was conoentrated, tbe precipitate does not exbibit a distinctly 
crjstalline appearance, even tbougb viewed tbrougb a lens magnifjing 
200 times ; but if tbe Solution was so dilute tbat tbe precipitate formed 
onlj after sorae time, it appears under tbe microscope to oonsist of dis- 
tiuct cryatalline needles aggregated into star-sbaped tufbs. 

5. BicarboncUe o/soda aud bica/rbonate qfpotassa precipitate cincbonia 
in tbe same form as in 4, botb from neutral and acidified Solutions of 
cincbonia salts, but not so completelj as tbe simple carbonates of tbe 
alkalies. Even in Solutions containiug l part of cincbonia to 200 of water 
and acid, tbe precipitate forms immediately ; its quantity increases after 
Standing some time. 

6. Concentrated evlphunc acid dissolves cincbonia to a colorless fluide 
wbicb npon application of beat first acquires a brown, and finally a black 
color. Addition of some nitric acid leaves tbe Solution colorless in tbe 
cold, bnt upon application of beat tbe fluid, after passing tbrougb tbe 
intermediate tints of jellowisb-brown and brown, tums finally black. 

7. Tbe addition of chlorine water to tbe Solution of a salt of cincbonia 
falls to impart a color to tbe fluid ; if ammonia is now added, a yel- 
lowisb-wbite precipitate is formed. 

8. If tbe Solution of a cincbonia salt containing only yery little or no 
free acid, is mixed witb ferrocyanide of potassium, a flocculent pre- 
dpitant of ferrocyanide of cincbonia is formed. If an excess of tbe pre- 
dpitant is added, and a gentle beat very slowly applied, tbe precipitate 
disäolves, but separates again upon cooling, in brilliant gold-yellow 
scales, or in long needles, ofben aggregated in tbe sbape of a fan. Witb 
tbe aid of tbe microscope, tbis reaction is as delicate as it is cbaracteristio 
(Ch. Dollfus : Bill ; Seliosohk). 

jRecapUulation and Bemarks. 
§ 236. 
Tbe non-Yolatile alkaloids of tbe second group are altered or preoipi- 
tated by yarious otber reagents besides tbose mentioned above ; tbe re- 
actions are, bowever, not adapted to eflect tbeir individual detection and 
Separation. Tbus, for instance, bicbloride of platinum produces in 
Solutions of tbe salts of tbe tbree alkaloids belonging to tbis grotip a 

* Tbe cinchoniA of commeroe UBually containi in admixture another aUuIoid, called 
cinohoUiia, which is lolable in etber. Tbii alkaldd oryaUllizee in large rbomboidal 
crystak of briÜiant Instre. wbioh fnse at a higb temperatore, and oaonok be Mblimedy 
even in a itream of bydrogen gas (Hlasiwetz). 

Y 2 
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jellowiBb-white precipitate^ Chloride of merooiT' a wliite preoipitate, 
tincture of galls a yellowish-white floccnleiit preci]ntaie, Bolatioa of 
iodine in iodide of |)otaaBiam a reddiah-brown, poospho-molybdie aod t 
yellow precipitate, ko. 

Narcotina and quina being Bolable in etber, whilst ciochonia is io»- 
luble in tbat menstraum, the two former alkaloida maj be most readilj. 
separated bj tbis means from tbe latier. For tbis parpoae the vodj^ 
need dmply mix the aqneouB Solution of tbe tbree aUjJoids witk tu- 
nionia in exoess, then add etber, and separate the Solution of qnina tnd 
narcotine from tbe andisBoWed cinchonia. If the etheroal solutioa ii 
now eyaporated, tbe residue disHolved in bydrocblorio adid and a infir 
cient amount of water to make the dilation as 1 : 200, and bicarbootte 
of soda is then added, tbe narcotina precipitates, wbilst tbe quina renniv 
in Solution. By evaporating tbe Solution, and treatiDg the residue wilh 
water, tbe quina is obtaiued in the free State.* 

THIBD OBOUP. 

NON-TOLATTLE AlKALOIDS WHICH ABE PBICIPITATED BT POTAflSA fBOl 
THE SOLUTIOKS OP THEIE SaLTS, AND DO VOT RKDISSOLVS TO A PB* 
CBPTIBLE EXTENT IN AN EXOESS OF THE PRBCIPITAliT ; BUT AKI VCft 

PREOiPiTATBD FROM (evcn somewbat concentrated) AdD SoLunomn 
THE BiCARBONATES OF THE FiXED Alkalies : SttychniB, Bnidii 
Veratria. 

o. Stbychnia, or Strychnine (C4,H^N,0^ = Sp). 

§ 237. 

1. Stiychnia appears eitber in tbe form of white brilliant rhombie 
prisms, or, when produced by precipitation or rapid evaporation, as t 
white powder. It bas an exceedingly bitter taste. It is neariy inso- 
luble in cold, and barely soluble in bot water. It is almoat insoluble it 
absolute alcohol and etber, and only sparingly soluble in dilute spirit of 
wiiie. It dissolves freely in amjl-alcobol, more especially with the aid 
of heat. It does not fuse when beated. It is exceedingly poisonoua. 

2. Strychnia neutralizes Hcids completely. The salts of strychnia utj 
for the most part, crystallizable ; they are soluble in water. All tbe salts df 
strychnia have an intolerably bitter taste and are exceedingly poisonona 

3. Fotassa and carbonate of soda produce in Solutions of salts of 
strychnia white precipitates of strychnia, which are insoluble in sa 
excess of tbe precipitauts. Yiewed under a microscope magnifying one 
bundred times the precipitate appears as an aggregate of amall crystalline 
needles. From dilute Solutions the strycbuia separates only afler the 
lajMe of some time, in the form of crystalline needles» which are distinctlj 
visible even to the naked eye. 

4. Ammonia produces the same precipitate as potassa. The pred- 

* The reaction with ammonia and ether, thougfa well adapted to «flboi the «epanitioB 
of quina from cinchonine, fails to effect the aeparation of tbe former regHo-alluüi fr« 
the other bases found in bark, which are not as yet offioinal, vis., a quinidiDe, ß quiiih 
diiie, y quinidlne, and cinchouidlne ; eince, as Q. Ksbner (Zeittcbrift f. atuüyt. Cbem., 
1, 1 50) bas shoiK'n, several of these other vegeto-alkalies are pretty freely solable ia etber. 
In fact, no qualitative reaction will enable the analyst to fuUy eSeci tbis purpoM ; bat 
it may be accomplished by means of a simple volumetrioal method, banad opoB tbs 
circumstance tbat tbe quina thrown down by ammonia from a Solution of the aalphatc^ 
requires lese ammonia to redissolve it tban all the other veffeto-alkaUea of the buk. 
For furtber particulars I refer to KebüKB'S paper on tbe subject. 
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pitate rediasolyes in an exoess of ammonia ; bnt after a short time— or if 
the Solution is highlj dilute, afler a more considerable lapse of time — tbe 
atryohnia crystallizes from the ammoniacal Solution in the form of needlea^ 
wbich are distinotlj visible to the naked eye. 

6. Bicarbonate qfaoda produces in neutral Solutions of salts of strychnia 
a precipitate of stryohnia, which separates in fine needles shortly after 
the addition of the reagenl^ and is insoluble in an exoess of the preci- 
pitant But upon adding one drop of acid (so as to leave the fluid still 
alkaline), the precipitate dissolves readilj in the liberated carbonic acid. 
The addition of bicarbonate of soda to an acid Solution of strychnia causes 
HO precipitation, and it is only after the lapse of twenty-four honrs, or 
eyen a longer period^ that strychnia crystallizes from the flaid in distinct 
prisms, in proportion as the free carbonic acid escapes. If a concentrated 
Solution of strychnia, supersaturated with bicarbonate of soda, is boiled 
for some time, a precipitate forma at onoe ; from dilute Solutions this 
precipitate separates only after concentration. 

6. Svlphocytmide ofpotdbasiwn produces in concentrated Solutions of 
aalts of strychnia immediately, in dilute Solutions after the lapse of some 
time, a white crystalline precipitate, which appears under the microscope 
as an aggregate of flat needles, truncated or pointed at an acute angle, 
and is but little soluble in an excess of the precipitant. 

7. Chloride ofmercwry produces in Solutions of salts of strychnia a 
white precipitate, which changes afber some time to crystalline needles, 
aggregated into stars, and distinctly visible throngh a lens. Upon heating 
tbe fluid these crystaJs redissolve, and upon subsequent cooling of the 
Solution the double Compound recrystallizes in larger needles. 

8. If a few drops of pure concentrated stUphuric acid are added to a 
little strychnia in a porcelain dish, Solution ensues, without coloration of 
the fluid. If small quantities of oxidizing agents (Chromate of potassa, 
permanganate of potassa, ferricyanide of potassinm, peroxide of lead, 
binoxide of mauganese) are now added — best in the solid form, as dilution 
is prejudicial to the reaotion — the fluid acquires a magnificent blue- 
violet color, which, after some time, changes to wine-red, then to reddish- 
yellow. With Chromate of potassa and permanganate of potassa the 
reaction is immediate ; on incUuing the dish, blue violet streaks are seen 
to flow from the salt fragment, and by pushing the latter abont, the 
coloration is soon imparted to the entire fluid. With ferricyanide of 
potassium the reaction is less rapid ; but it is slowest with peroxides. 
The more speedy the manifestation of the reaction the more rapid is also 
the change of color from one tint to another. I prefer Chromate of 
potassa, recommended by Otto, or permanganate of potassa, reoommended 
by Guy, as the most sensitive, to all other oxidizing agents. Jordan 
Buooeeded, with Chromate of potassa, in distinctly showing the presence 
of TXTffTHF^^ grain of stiychnia. J. Erdmakn prefers binoxide of man- 
ganese in lentil-sized fragments. Metallio Chlorides and considerable 
quantities of nitrates, also large quantities of organic substanoes, prevent 
the manifestation of the reaction or impair its delicacy. It is therefore 
always advisable to free the strychnia first, as far as praoticable, frt>m all 
foreign matters before proceeding to tiy this reaction. If the Solution 
oolored red (by binoxide of manganese) is mixed with trom 4 to 6 timea 
ita Tolume of water, and ammonia is then added until the reaction is 
nearly neutral, the fluid shows a magnificent violet-purple tint ; upon 
addition of more ammonia the color becomes yellowish-green to yellov 
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(J. Erdmank). I Laye found, however, tliat this reaction ia seen onlj 
where larger, though still veiy minaie^ quanüties of stiychnia an 
present 

9. Strong Marine water produoes in Solutions of salta of strydmia a 
white precipitate, which dissolves in ammonia to a oolorlesa floid. 

10. Concentrated nitric acid dissolves stiychnia and its aalta toaookv- 
less fluid, which turns yellow upon the application of heat. 

4- 

6. Bbuoia, or Bauoiirs (C^H^N, O, = Br). 

§ 238. 
+ 

1. Crystallized brucia (Br + 8 aq.) appeara either in the form of traoi- 
parent straigbt rbombic prisms, or in that of crystalline needles ag^ 
gated into stars, or as a white powder oomposed of min nie crjatallioe 
scales. Brucia is difficultly soluble in cold, but somewhat more readilj 
in hot water. It dissolves freely in aloohol, both in abaolate and dihtte^ 
also in cold, but more readily still in bot, amyl-alcohol ; but it is almoit 
insoluble in etber. Its taste is iiitensely bitter. When heated, it foM 
with loss of its water of crystaUization. 

2. Brucia neutralizes acids completely. The salta of brucia are readilf 
soluble in water, and of an inteiisely bitter taste. Moat of them aze 
crystallizable. 

3. i'o^o^a and ca/rhonaU ofaoda throw down from Solutions of aalti 
of brucia a white precipitate of brucia, which is inaoluble in an ezoos 
of the precipitant. Yiewed uoder the microsoope, immediately after pre- 
cipitation, it appears to oonsist of very minute grains ; but upon furthef 
iuspectiou, these grains are seen — with absorption of water — ^to soddeoly 
form into needles, which latter subsequently arrange themaelvee withoat 
exception into concentric groups. These snccessive changea of the pre- 
cipitate maj be traced distinctly even with the naked eye. 

4. Äminonia produces in Solutions of salts of brucia a whitish pre- 
cipitate, which appears at fi rst like a number of minute drops of oil, bot 
chauges subsequently — with absorption of water — to small needles. The 
precipitate redissolves, immediately after Separation, Tery readily in an 
excess of the precipitant ; but after a very short time-— or, in dilute 
Solutions, after a more considerable lapse of time — the brucia, oombined 
with crystaUization water, crystallizes from the ammoniacal fluid in 
small concentrically grouped needles, which addition of ammonia fidls to 
redissolve. 

5. Bicarbonate ofaoda produces in neutral Solutions of salts of brocta 
a precipitate of brucia, combined with crystallization water ; this pre- 
cipitate separates after the lapse of a short time, in form of concentriodly 
aggregated needles of silky lustre, which are insoluble in an exceas ii 
the precipitant, but dissolve in free carbonic acid (compare atrychnia)^ 
Bicarbonate of soda falls to precipitate acid Solutions of salts of brucia ; 
and it is only after the lapse of a considerable time, and witb the escape 
of the carbonic acid, that the alkaloid separates from the fluid in n^olar 
and comparatively large crystals. 

6. Concentrated nitric acid dissolves brucia and its salts to intensely 
red fluids, which subsequently acquire a yellowish-red tint, and tum 
yellow upon application of heat Upon addition of protochloride of tin 
or sulphide of ammonium to the heated fluid, no matter whether 
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concentrated or after dilation with water, the faint yellow color changes 
to a most intense violet 

7. If a little brucia ia treated with from 4 to 6 drops of pure cancejv- 
UrUed stdphuric acid, a Solution of a ßiint rose color is obtained, which 
afterwards tums jellow. If from 8 to 20 drops of solphuric acid mixed 
with some nitric ctcid (see foot-note to § 232, 7, page 319) are added, 
tbe fluid transientlj acquires a red, afterwards a yeUow color. Addition 
of binoxide of manganese trausientlj imparts a red, then a gamboge tint 
to the fluid. If tbe fluid is then, with proper cooling, düuted with 4 
parts of water, ammania added to nearly neutral reaction, or even to 
alkaline reaction, tbe Solution acquires a gold-jellow color (J. Ebdmann). 

8. Addition of chlorine too^r to the Solution of a salt of brucia imparts 
to the fluid a fine bright red tint ; if ammonia is then added, the red 
color changes to yellowish-brown. 

9. Sulphocyanide o/potassium produces in concentrated Solutions of 
aalts of brucia immediately, in dilute Solutions after some time, a granulär 
crystalline precipitate, which, when viewed under the microscope, 
appears composed of yariouslj aggregated {)oljhedral crystalline grains. 
Friction applied to the sides of the vessel promotes the Separation of the 
precipitate. 

10. Chloride qfmercury also produces a white granulär precipitate, 
which, when viewed under the microscope, appears composed of small 
roundish crystalline grains. ^ 

c. Yeratria, or Yeratrine (C^H„N,OjJ Ve, 

§239. 

1. Yeratria appears in the form of small prismatic crystals, which 
aoquire a poroelaLn-like look in the air, or as a white or yellowish- white 
powder of acrid and burning, but not bitter taste ; it is exceedingly 
poisonous. Yeratria acts with great energy upon the membranes of the 
nose ; even the most minute quantity of the powder ezcites the most 
violent sneezing. It is insoluble in water ; in alcohol it dissolves readily, 
but more sparingly in ether. At 239° Fah. it fuses like wax, and solidi- 
fies upon cooling to a transparent yellow mass. 

2. Yeratria neutralizes acids completely. Some salts of yeratria are 
crystallizable, others dry up to a gummy mass. They are soluble iu 
water, and have an acrid and burning taste. 

3. Fotassa^ ammonia, and the mono-carbonates o/the alkalies produce in 
Bolutioos of salts of yeratria a flocculent white precipitate, which, yiewed 
under the microscope, immediately after precipitation, does not appear 
crystallina After the lapse of a few minutes, however, it alters its 
appearance, and small scattered Clusters of short prismatic crystals are 
observed, instead of the original coagulated flakes. The precipitate does 
not redissolve in an excess of potassa or of carbouate of potassa. It is 
fllightly soluble in ammonia in the cold, but the dissolved portion sepa- 
rates again upon application of heat. 

4. yfith btcarboruUe o/ 8oda and bica/rbonate qf potaasa the salts of 
▼eratria comport tbemselves like those of strychnia and brucia. How- 
ever, the veratria separates readily upon boiUng, even from dilute 
Bolutions. 

5. If veratria is aoted upon by concerUrcUed nitric acid, it agglu- 
tinates into amall resinous lumpe, which afterwards dissolve alowly in 
the aoid. If tbe veratria is pure the Solution is oolorleaa. 
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^ 6. If yeratria is treated with ttmoadrüled 8ulphurie acid, h aIm 
agglutinates at first into small reunonB lamps ; bnt these diaaolT« wid 
great readineas to a fitint yellow fluide ihe oolor of which gnduallj 
increases in depth and intensity, and changaa afterwards to a reddüh- 
yellow, then to an intense Uood-red. The oolor persiata 2 or 3 boon^ 
then diaappears graduallj. Addition of mlphiiric aoid, oontaioing oitrie 
acid, or of biuoxide of manganeae canaea no great ohaiige of color. 
If the fluid is then diluted with water, and ammonia added UDtil tlie 
reaotion ia nearly neutral, a yellowiah aolution ia obtained, in whidt 
ammonia added in exoeea producee a greenish light-brown pndptite 
(J. Erdmank). 

7. Sutphocyanide of potauium produoea only in oonoentrated aolutioitt 
of aalts of yeratria flocculent-gelatinoua predpitatea. 

8. Addition of chlorine-tocUer to the aolution of a aalt of ventrii 
imparta to the fluid a yellowiah tint, which, upon addition of ammooii^ 
changea to a faint browniah oolor. In oonoentrated aolutiona ohlorioa 
produoea a white preoipitate. 

BeecipütUation cmd Remarkt, 
§ 240. 

The alkaloids of the third gronp alao are precipitated hy many otber 
reagenta beaidea those above-mentioned, aa, for inatance, bj tinctun of 
galb, bichloride of platiuum, aolution of iodine in iodide of potaanun, 
phoaphomolybdic acid, &a But aa theae reactiona are oommon to ill| 
they are of little importanoe in an analytical point of view.* 

Strycbnia may be separated from brucia and yeratria bj meana of 
abaolute aloohol, aince it ia inaoluble in that menatruauiy whiiat the two 
latter alkaloida readily diaaolye in it. The identity of atrychnia ia best 
eätablished by the reaction with aulphuric aoid and the aboye-mentioiMi 
oxidizing agenta ;t also by the form of ita cryatala — when thrown down 
l»y alkaliea — viewed under the microacope; and laatly, by the formof 
ihe preoipitate which aulphocyanide of potaaaium and ohloride of mercozj 
produce in aolutiona of ita aalts. Brucia and yeratria are not readily 
aeparated from one another, but may be deteoted in preeeDoe of each 
otber. The identity of brucia ia best eatablished by the reactiona widi 
nitric acid and protochloride of tin or aulphide of ammoniumy or by th« 
form of the crystallina preoipitate which ammonia produoea in aolutioDi 
of aalts of brucia. Yeratria ia suffioiently diatinguiahed from bruda 
and the other alkaloida which we have treated of, by ita characteriatk 
deportment at a gentle heat, and alao by the form of the preoipitate 
which alkaliea produce in aolutiona of ita aalta To diatinguiah yeratria 
in preaenoe of brucia, the reaction with oonoentrated aulphario aod ii 
aelected. 

* If the preoipitate produoed in the eolotion of a salt of itiychnia by iodide of potet* 
liam coDtaining iodine ia diaaolyed in apirit of wine mixed with some sulpburic addi 
and the aolution ia evaporated, atrongly polarizing priamatic cryaUls of solphate of 
iodide of strychnia are obtained. Da Vbij and Vam dir Bubg (Jahrosber r. LiKBio 
and Kopp, X857f 602). Whether tbis reaction ia characteriatic for atryohnia^ ean ba 
known only after the optical propertiea of analogoua Compound« of the other alka^p** 
aliall have been studled. 

+ The only substance which shows somewhat analogooa reactiona in thia nmöL, n 
aniline. A. Gdt haa, howeTer, called attention to the fact that aniline, treated with 
Bulphuric acid aod oxidizing agent«, aoquiresa palegreen color at first, which gnadnaily 
dt^pena, and oniy then changea to a magnificent blue, which, after peraistiog aoma tima^ 
turua finally blaok. 
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To tbese alkaloids I will add $alicine, althongb this substanoe does not 
properly belong to the same class of ohemical oompoonda. 

§ 241. 
Saucinb (C^HjjOj^). 

1. Salioine appears either in tbe form of wbite orystalliDe needles and 
Bcalea of silky lustre, or, where tbe orystals are yery small, as a powder 
of ailky luatre. It bas a bitter taste, is readily Boluble in water and in 
alcobol, bat insoluble in etber. 

2. Ko reagent precipitates salieine as sncb. 

3. If salieine is treated witb eoncentrcUed sulphuric add, it agglnti- 
nates into a resinoos lamp, and acquires an intensely blood-red color, 
witbout dissolving in tbe aoid ; tbe color of tbe snlpburic acid is at 
first nnaltered. 

4. If an aqueons Solution of salieine is mixed vdtb hydrochloric ctcid 
er diliUe sulphuric aciclo and tbe mizture boiled for a sbort time, tbe 
fluid saddenly becomes turbid, and deposits a fine granulär crystalliue 
precipitate (saliretine). 

Stsiematic Coübse for the Detection of the Alkaloids tbbated 

OF IN THE PBEOEDING PaBAORAPHS, AND OF SaLIOINE. 

Tbe analytical course wbicb I am now about to describe is based upon 
tbe supposition tbat tbe analyst bas to examine a concentrated aqueous 
Solution — effected by tbe agency of an acid — of one or several of tbe 
non-Yolatile alkaloids, wbicb Solution is free from any admixture of sub- 
atanoes tbat migbt tend to obscure or roodify tbe reaotions. For tbe 
modifications wbicb the presence of ooloring or extractive matters, ^c., 
requires, I refer to § 244. 

L DETECnON OF THE AlKALOIDB, AND OF SaLICINE, IN SOLUTIONS 
8UPP08ED TO OONTAIN ONLT ONE OF THESE SufiSTANCES.* 

§242. 

1. Add dilute Solution of potassa or soda, drop by drop, to a portion 
of tbe aqueous Solution until the fluid aoquires a scaroely peroeptible 
alkaline reaotion ; stir, and let tbe fluid stand for some tima 

a. No PBECiPiTATE IS FORMED ; tbis proves tbe total absence of tbe 
alkaloids, and indicates tbe presence of saugine. To set all doubt 
at rest^ test tbe original substance witb concentrated sulpburic acid, 
and also witb hydrochloric acid. Compare § 241. 

b. A PRECIPITATE IS FORMED. Add solution of potassa or soda^ drop 
by drop, until tbe fluid manifests a stron^y alkaline reaction. 

* Where the deteotioD of one of the five more freqaently oooarring »oiionoas alka- 
loids alone is the object, the followmg limple method« deviaed by J . ERDMANir, will 
fully azitwer the purpoee. 

Jo thia metbod, which is more eapeoially appUoable in oasea where the diipoaable quan- 
tity of substance is yery small, the alkaloias are suppoeed to be preaent in the pure 
State and in the solid form. 

1. Treat the snbstance ander ezamination with firom 4 to 6 dropa of pure oonoen- 
trated sulphorio aoid. 

Yellow oolor, speedily ohanging to red : Yiratria. 

Hose oolor, chtaupng afterwards to yellow : Bbuoia. 

The oiher alkaloids, if pure, impart no oolor to tbe aalpbario add. 

2. Ko matter wheiher iber« is oolor or nol ; add lo the fluid obtaintd in 1 from 8 to 
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ou The precipUate recUsiolvei : mobphia. To arriYe at a posi- 
tive oonclusion on this point^ test another portion of the «Nation 
with lodio acid (§ 232, 9Y and a porüon of the origiiial sabstanoe 
with Bulphurio acid, &c ($ 232, 7). 

ß, The precipUate remaina undism>lved : Presenoe of an alkaidd 
of the seoond or third groap. Paas on to 2. 

2. Add to a second portion of the original solation two or three dmfß 
of dilute aulphuric acid, tben a saturated solatioQ of bioarbonate of 
Boda until the acid reaction is jast neatralifled ; Tigoroiislj mb the 
inaide of the yessel, and allow the mixture to stand for half an honr. 

o. No PREOiPiTATE IS PBODUOED : Absence of narootine and mn^b^pi*- 
Pass on to 3. 

b. A PRECiPiTATB 18 FOBMED : Narootina, cinohonia, and perfaaps also 
quina, as the precipitation of the latter substance hj bioarbonate of soda 
depends entirely upon the degree of dilution of the fluid. Add to t 
portion of the original Solution ammonia in exceas, tiien a aufficieot 
quantity of ether, and shake the mixture. 

a. T?ie precipitcUe which forme ai firH upon the addüion qfth$ 
ammonia rediesolvee in the ether, and the tlear fluid preeenti tu» 
dietinct layera : narcotina or quina. To distinguish between tha 
two, test a fresh portion of the original Solution with ohlorine 
vater and ammonia. If the Solution tums green, quina, if yel- 
lowish-red, narcotine is present. The reaction with a mixture d 
sulphuric acid and nitrio acid (§ 233, 5) is resorted to as a oon- 
clusive test 

ß, The precipitate which forme upon the addition of ommoitta 
doee not rediseolve in the ether—crscBomA. The deportment of 
ciuchonia at a high temperature (235, 3), or the reaction with 
ferricjanide of potassium (§ 235, 8), may serve as a condusiTe 
vesff* 

3. Put a portion of the original substance, or of the reaidae remaining 

20 drops of concentrated sulphuric acid mixed with nitrio acid (see foot-note to § 232» 7, 
page 819), tben 2 or 3 drops of water. After a quarter or half-hour the fluid showi : 
a. a violet-red color : Morfhia ; 

5. an onion-red color: Nabcotina; 

c. a transient-red tint» changing to jrellow : Brugia ; 

d. the red color of the sulphuric acid Solution of Vrratbia is not m»ieriaUj altered; 

e. with strtchnia no coloration is observed. 

8. Put into the fluid obtained in 2, no matter whether colored or not, from 4 to 6 
clean fragments of binozide of manganese, of the size of a lentiL After an hour tbs 
fluid shows : 

a. a mahogany-brown color : Morfhia ; 

b. a yellowiäh-red to blood-red color : Narcotina ; 

c. a transient purple-violet tint, changing to deep onion-red : Stbtohnia ; 

d. a transientred tint, changing to gamboge-yellow : Brugia ; 

e. a dark dirty cherry-red color : Veratria. 

4. Pour the colored fluid obtained in 8, into a test tube oontaining 4 timee the 
volume of water, and add ammonia until the neutralization point is almost attained. 
Heat must be as much as possible avoided in these Operations. 

a. dirty-yellow color, changing to brownish-red upon supersaturation with "w t^**"«*, 
without immediate deposition of a notable precipitate : MoRPHiA ; 

6. reddish coloration, more or less intense according to the d^^ree of dilation ; upon 
supersaturation with ammonia, copious dark-brown precipitate : Nabootika ; 

c. violet-purple colored Solution, becoming yellowish-green to yeUow upon additiw 
of ammonia in excess : Strtchnia. 

d. gold-yellow Solution, not materially changed by excess of ammonia : Brugia ; 

e. faint brownish Solution, turning yellowLsh upon fui-ther addiiioa of <^*"»ni? niiL and 
dcpositing a greenish light-brown precipitate : Veratria. 
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lipon the evaporation of the Solution, on a watch-glass, and treat 
with conoentrated sulphuric acid. 

0. A rose-coloured Solution is obtained, which becomes intensely red 
npon addition of nitric acid : brucia. The reaction with nitric acid 
and protochloride of tin is resorted to as a conclusive test (§ 238, 6). 

b. A yellow Solution is obtained, the color of which gradually cluaiges 
to jellowish-red, theo to blood-red, and tums finally crimson : yeratbia. 

c. A oolorless fluid is obtained, which remains colorleas after Standing 
for some time. 

Add to the fluid a fragment of Chromate of potassa ; if this imparts to 
it a deep blue color, stbtciinia is present ; if it leaves the fluid un- 
altered, quina is present. The reaction with chlorine water and ammo- 
nia is resorted to as a conclusive test. 

IL Detectiok of the Alkaloidb, and of Saucinb, in Solutions 

BUPPOSED TO OONTAIN SEVEBAL OB ALL OF THESE SUBSTANOES. 

§243. 

1. Add to a portion of the aqueous Solution dilute Solution of potassa 
or soda, drop by drop, uutil the fluid acquires a scarcely perceptible alka- 
line reaction ; stir, and let the fluid stand for some time. 

a. No PBECIPITATB IS FOBMEDj this proves the total absence of the 
alkaloids^ and indicates the presence of salicine. To remove all doubt 
on the point, test the original substance with conoentrated sulphuric acid, 
and with hydrochloric acid. Compare § 242, 1, a, 

h, A PBEGiPiTATE IS FORHED : add solution of potassa or soda, drop 
by drop, until the fluid manifests a strongly alkaline reaction. 

a. The precipUate redUaolves, Absence of the alkaloids of the 
second and third groups. Presence of morphia is indicated. 
The reactions with iodic acid (§ 232, 9 j, and with sulphuric acid, &c., 
(§ 232, 7), are resorted to as conclusive testa Examination for 
salicine, see 4. 

ß. The precipUcUe does not redissolve, or aJt leaat not comfletdy* 
Filter, and treat the precipitate as directed in 2. Saturate the 
fil träte with carbonic acid, or mix it with bicarbonate of soda 
or bicarbonate of potassa, and boil nearly to dryness. Treat the 
residue with water ; if it dissolves completely, this is a sign that 
no morphia is present ; but if there is an insoluble residue lefb, 
this indicates the presence of morphia. The reactions with iodic 
acid (§ 232, 9), and with sulphuric acid, <bc. (§ 232, 7), are resorted 
to as conclusive tests. 

2. Wash the flltered precipitate of 1, (, )3, with cold water, dissolve 
in a slight excess of dilute sulphuric acid, and add Solution of bicarbonate 
of soda to the fluid until the acid reaction is neutralized ; stir the mix- 
iure, vigorously rubbing the sides of the vessel, and aUow the fluid to 
stand for an hour. 

o. No PBEGIPITATE IS FOBMED. Abscncc of narcotiua and cinchonia. 
Boil the Solution nearly to dryness, and treat the residue with cold 
water. If it dissolves completely, pass on to 4 ; but if an insoluble 
residue is lefl, examine this for quina — of which a minute quantity 
might be present — and for strychma» bruoia, and veratria, acoording to 
the directions of 3. 

6. A PBEGIPITATE IS FOBHED. This may contain narcotina, cinchonia, 
and also quina, compare § 242, 2, 6. Filter, and treat the flltrate as di< 
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rected § 343^ 2, a. Waah the preoipitate with oold water, disolve in ft 
little bydrochloric add, add ammonia in exoefls, then a soffici^it qnan- 
tity of ether. 

o. The precipUate tMeh forma ai firsi up<m the addiium (/ the 
Mnmania rediseolvea compietely in the ether, and the dear fluid pr^ 
senta tux) dialinet layera. Abeence of cinchonia ; presenoe of qnioft 
or narootina. Eraporate the etbereal solation, dinolve the reudne 
in a little hydrochlorio acid and a trafBcient amoant of water to 
make the dilution at least as 1 : 200 ; add bicarbonate of Boda to 
neutralization, and allow the fluid to stand fbr some üme. The 
formation of a precipitate indicates the prenenoe of NABOOinu. 
Filter, and teet the precipitate with chlorine water and ammonifti 
and with a mizture of sulphurio add and nitric acid (§ S33)l 
Evaporate the filtrate, or the fluid if no precipitate has formed, to 
drynefls^ and treat the residue with water. If part of it renuüm 
nndissolved, wash this, diflsolve in hjdrochloric acid, and add ddo- 
rine water and ammonia. Green color : qüina. 

ß, The precipitate produeed by the ammonia doee not redieaohe tu 
the ether, or at leaet not completdy : cikohonia. Quina or narcotini 
may also be present Filter, and ezamine the filtiate for quina aod 
narcotina as in o. The precipitate consists of cinchonia, and may . 
be further examined according to § 235, 3, or 8. 
8. Wash the insoluble residue of § 243, 2, a, with water, dij on the 
water-bath, and digest with absolute alcohol. 

a. It dissolybs oompletely : absenoe of strychnia ; presenoeof (quina) 
brucia or veratria. Evaporate the alcobolic Solution on the water-bath 
to dryness, and, if quina has already been detected, divido the residiie 
iuto two portions, and test one part for brucia, with nitric add and 
protochloride of tin (§ 238, 6), the other for veratria, by means of 
eonoentrated sulphuric acid (§ 239, 6) ; but if no quina has as yet been 
detected, divide the residue into three portions, a, &, and c / examine a 
and b for bruoia and veratria, in the manner just stated, and c for 
quina, with chlorine- water and ammonia. However, if brucia is presenti 
dissolve c in hydrochlorio acid, add ammonia and ether, let the mizture 
stand for some time, evaporate the ethereal Solution, and examine the 
residue for quina. 

(. It doee 7u>t dissolve ^ or at least not completdy : presence of strtcbku; 
perhaps also of (quina) brucia and veratria. Filter, and examine the 
filtrate for (quina) brucia and veratria as directed § 243, 3, & Hie 
identity of the precipitate with strychnia is demonstrated bj the reaction 
with sulphuric acid and Chromate of potassa (§ 237, 8). 

4. Mix a portion of the original Solution with hydrochlorio add, and 
boil the mixture for some time. The formation of a precipitate indicates 
the presence of saugine. To set all doubt on this point at rest, test the 
original substance with concentrated sulphuric add (§ 241, 3). 

IIL Detection of the Alkaloids, in presence of cx>LOBnro anb^ 
extractive Yeoetable or Animal Matters. 

§ 244. 

The presenoe of mucilaginous, extractive, and ooloring matters renders 

the detection of the alkaloids a task of considerable difficulty. These 

matters obscure the reactions so much that we are even unable to deter- 

mine by a preliminary experiment^ whether the subatanoe under exami- 
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nation contains one of the alkaloids we have treated of in the foregoing 
paragraphs, or not I will now give several methods bj means of which 
the Separation of the alkaloids from such extraneous matters may be 
effected, and their detection made practicable. Which of these methods 
to select will, of coorse, alwajs depend npon the partioular drcnmstanoes 
of the case. 

1. Stas'b Mkihod fob effectiko the Detectiok of Poisonous 

alkaloid&* 

This method is based, a, upon the solubility of the acid salts of the 
alkaloids in water and in spirit of wine ; b, upon the &ct that the alka- 
loids, even those sparingly soluble in ether, will pass into the ethereal Solu- 
tion upon mixing the aqueous Solution of any of their salts with a fixed 
alkali or with the carbonate of a fixed alkali in excess, and shaking 
the mixture repeatedly with ether ; — lastly, c, the removal from the alka- 
loids of other mattem soluble in ether, is based upon the insolubility of 
the salts of the alkaloids in ether, owing to which an aqueous Solution ot 
the acid sulphate of the alkaloid can be obtained, by shaking the ethereal 
Solution of the pure alkaloid with dilute sulphuric acid. I will give 
here, first the original method of Stab, then, in 2, Otto*s modifications of 
that method. 

o. If you have to look for the suspected organic bases in the Contents 
of the stomach or intestines, or in articles of food, or in pappy matters 
in general, heat the suspected substance with double its weight of strong 
aleohol, acidified with from 0*5 grm. to 2 grm. of tartaric acid or oxalic 
acid, to from ISS^'F. to 167"* F. When quite oold, filter, and wash the 
nndissolved part with strong alcohol, addmg the washings to the filtrate. 

If you have to deal with the heart, liver, lungs, or similar organs, cut 
thom into fine shreds, moisten with the acidified alcohol, press, and 
repeat the same Operation, until the soluble parts are completely ex- 
tracted ; collect the fluids obtained, and filter. 

b. Concentrate the alcoholic fluid at a temperature not exceediug 95^ 
7., and, if no insoluble matter separates, continue to evaporate nearly to 
dryness. Conduct this process either under a bell-glass over sulphuric 
acid, with or without rarefaction of the air, or in a tubulär retort, tbrough 
which a current of air is passed. If £B.tty or other insoluble matters 
separate in the process of concentration, pass the concentrated fluid 
through a moistened filter, and evaporate the filtrate nearly to dryness, 
conductiug the process, as above, either under a bell-glass or in a retort. 

e. Digest the residue with cold absolute alcohol, filter, wash the in- 
soluble residue thoroughly with alcohol, and let the alcoholic Solution 
evaporate in the air or in vacuo ; dissolve the acid residue in a little 
water, and add bicarbonate of soda as long as eflervescence ensues. 

d. Add to the mixture four or five tiraes its volume of pure ether, 
free from oil of wine, and shake ; then allow it to stand at rest, and let 
a little of the supematant ether evaporate spontaneously on a watch- 
glass. If this leaves oily streaks upon the glass, which grädually collect 
into a drop, and emit, npon the application of a gentle heat, a disagree- 
able, pungent, and stifling odor, tbere is reason to infer the presence of a 
liquid volatile base ; whüst a solid residue or a turbid fluid, with solid 
partides snspended in it, indicates a non-volatile, solid base. In the latter 
case the base may emit a disagreeable animal smell, bat not a pungent 

• " BaUetin de F Aoad^mie de M6deciife de Beldqae," IX. 804. '* Jahrb. f. prakt 
Pharm./' XXIV. 81S. '««Tahiwbencht^' von Liebig und Kopp, 1851, p. 610. 
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odor, as is the case wiUi Tolatile baaea. The blue oolor of reddened 

litmus-paper is permanently restored. If no reaidae ia left, add to the 

fluid Bome Solution of soda or potassa, and shake with repeatedly renewed 

ether, which will now dissolve the base. It followa from the aasomptioo 

that the bases present will pass into the ethereal solatioDy that Sti8*i 

method is prindpally calculated for the detection of the poiBonou alka- 

loids which are soluble in ether, though some of them only sparing^j. 

The following are the yegeto-alkalies which Stas enumerates aa disocnner- 

able by his method : Conia, Nicotina, Aniline, Piooline, PetmiiM^ 

Morph ia, Codeia, Brucia, Strycbnia, Yeratria, Colchicia, Ddpliii) 

Emetine, Solania, Aconitina, Atropia, and Hyoecyamia. 

a. There ia reasan to in/er the presence ofa volalile base, 

Add to the contents of the vessel from which you haye taken tiie smiU 

portion of ether for evaporation on the watch-glasa, one or two culiie 

centimetres of streng Solution of potassa or soda, shake the miztnre^ kft 

it stand at rest, pour the supematant fluid into a flask, and treat tiie 

residue again three or four times with ether, until the last portion poored 

ofi* leaves no longer a residue upon evaporation. Mix the ethereal fluid 

now with some dilute sulphuric acid (l part of acid to 5 parts of 

water) until the well-shaken fluid manifests acid reaction ; allow tiie 

mixture to stand at rest, decant the supematant ether from the acid 

aqueous fluid, and treat the latter once more with ether in the aame way. 

a<i. Mix the residual acid Solution (which may contain anlphatei 

of ammonia, niootina^ aniline, picoHne, and petinine — indeed which 

must contain these bases, if they are present in the examined sab- 

stance, since their Compounds with sulphuric acid are quite inso- 

luble in ether ; and in which, if conia is present, the greater part of 

the latter alkaloid is also found) with coucentrated Solution <^ soda 

or potassa in excess, and treat with ether, which wiU again dissolf« 

the liberated bases ; decant the ether, and leave it to spontaneom 

evaporation, at the lowest possible ternperature; place the dish with 

the residue in vacuo over sulphuric acid. In this process the ether 

and ammonia escape, leaving the volatile organic baae in the pure 

State. The nature of the organic base is tben finally aaoertained. 

hb, Tiie etJter decanfUed from the acid Solution contains the aniniil 
matters which it has removed from the alkaline fluid. It leavei, 
therefore, upon spontaneous evaporation, a trifling faint yellov 
residue of nauseous odor, which contains also some aulphate of 
conia, if that base was present in the examined matter. 
ß. Tliere is reason to in/er the presence of a solid bcue. 
Add a few drops of alcohol to the ethereal Solution obtained by 
treating with ether the previously acid residue mixed either aimply with 
bicarbonate of soda, or first with that reagent, then with Solution of 
soda or potassa (see c and d), and leave the mixture to spontaneous 
evaporation. If this fiüls to give the base in a distinctly crystalline 
form and sufficiently pure, add a few drops of water slightly acidified 
with sulphuric acid, which will usually serve to separate the mass into a 
fatty portion, adhering to the dish, and an acid aqueous Solution, which 
contains the base as an acid sulphate. Decant or filter, wash with a little 
slightly acidified water, and evaporate the Solution to a oonsiderable 
extent, under a bell-glass over sulphuric acid. Mix the residue with a 
highly concentrated Solution of pure carbonate of potassa, treat the mix- 
ture with absolute alcohol, decant, and let the alcoholic fluid evaporate^ 
which will generaUy leave the base in a State of perfect purity, or nearly to. 
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2. Otto's MoDiPicATioNs OF Stas's Method.* 

o. In the method just desoribed, the morphia which may be present 
will only pass into the ethereal solutioa if the Solution obtained in 1, o, 
Ih shaken with ether immediately afber the addition of the bicarbonate 
of soda, and the ether then quickly decanted. But if the Operation of 
shaking with ether is delayed, so as to afford the morphia time to orys- 
tallize, the crystab will deposit, being almost absolutely insoluble in ether 
(P. PöLLNiTz) ; and if the ethereal Solution is allowed to stand some 
time, the dissolved morphia will separate in small crystals, on the 
ndee of the vesseL — As it is therefore, under the ciroumstanoes stated, 
always likely to happen that the morphia may remain, wholly or 
in part, undissolved by the ether, it is of the highest importance never 
to neglect mixing the alkaline fluid obtained in 1, d — after repeated 
extraction with ether, and subsequent addition of some Solution of soda, 
to disBolve the morphia, which may have separated, and afber evapo- 
rating the ether still present — ^with a oonoentrated Solution of chloride 
of ammonium, and letting the mixture stand exposed to the open air, to 
allow the morphia to crystallize. 

6. Instead of the prooess described in 1, 0, to effect the detection of 
non-volatile alkaloids, Otto recommends the following method, which is 
in principle the same as that recommended by Stas for the detection of 
the volatile bases. 

Let che ethereal Solution evaporate, dissolve the residuary impure 
alkaloid in a little water mixed with sulphuric acid, and shake the Solu- 
tion repeatedly with ether, which will remove the foreign organio 
matters present, and leave the acid vegetö-alkaline sulphate unaflected. 
Mix now the acid aqueous Solution with carbonate of soda in excess, 
ahake repeatedly with ether (to dissolve the liberated alkaloids), and let 
the ethereal Solution evaporate, when the alkaloids held in Solution by 
the ether will be lefb in a very pure State and, to a great extent, in 
the crystalline form. This method has stood the test of numerous 
experimenta 

a But what Otto recommends most, is the treatment with ether of 
tbe alkaloid in the form of salt, before its Separation, by meaus of an 
alkali, and its Solution in ether. — If, therefore, you wish to follow this 
method, shake the acid aqueous fluid of 1, c, which contains the alkaloid 
in oombination with tartaric acid or oxalic acid, repeatedly with ether, 
so long as the ether beoomea colored and leaves a residue npon evapo- 
ration ; then, and not before, add carbonate of soda^ dissolye the alkaloid 
by means of ether, and proceed generally as directed in 1, dl Upon 
evaporating the^ether, the alkaloid is now lefb at once in a very pure 
State. 

3. Mkihod of L. t. TJslar ahb J. EaDMAJnr.f 

This may be considered an improTement upon Stas's method, as 
regards non-volatile alkaloids, more especially morphia, whilst Stas*8 
method deserves the prefereuce for Tolatile alkaloids. Hie new method 
is the same in principle as that of Stas's, simply substituting amyl- 
alcohol for ether. 

Mix the matters to be examined with water, if neoestary, to the con^ 
sistence of a thin paste, acidify slightly with hydrochloric acid^ digest 

* AmiaL d. Cbmn. u. Pharm., 100, 44. 
t Annat d. Cheoi. n. Pharm., 12u^ {Mf^ 121 ; aad 122, ptg« MO. 
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one or two houn at from 140"* io 176^ Fab., and paas ihroiigh a linen 
cloth moistened with water. Extract tbe residue with water addified 
with hydrochloric acid, add the Solution obtained to the first fluid, loper- 
saturate with ammonia, and evaporate to drjnees, with addition of pon 
quartz sand, whicb will enable jou to reduo^ the reisidae to powdeE. Bod 
the powder repeatedly with amjl-aloohol, to extract the whole of the 
aJkaloid from it Filter the extraota hot through feit, moistened withaniTi- 
aloohoL The filtrate, which is mostly colored yellow, holda, beddes UM 
alkaloid, fittty and coloring mattere in Solution. To removethesektter, 
transfer the filtrate to a cylindrical vessel, mix it with from ten to twdn 
times its volnme of almost boiling water, acidified with hydrochloric seid, 
and vigorously shake tlie mixture for some time. The hydrochlorate of tlie 
alkaloid passes into the aqueous Solution, whilst the fiitty and coloring 
matters remain dissolved in the amyl-alcohoL* Remove the latter hj 
meaus of an india-rubber pipette, then shake the add solation repeatedly 
with fresh quautities of amyl-alcobol, until all the fiitty and coloring 
matters are completcly removed. Concentrate now by eTaporation, mix 
with ammonia in slight excess, add hot amyl-aloohol, and ahake vigoronsly. 
When the liquid has separated into two distinct layers, draw oS, bj 
means of a pipette, the upper layer, which contains the Solution of tlM 
alkaloid in amyl-alcohol, treat the fluid once more with hot amyl- 
alcohol, then completely drive ofi* the latter by heating on the wftte^ 
bath, which will often leave the alkaloid sufficiently pnro fbr 
examination by the usual reactions. Should it, howeyer, still hak 
yellowish or brownish, dissolve it onoe more in dilute hydrochloric add, 
shake the Solution with amyl-alcohol, remove the latter with thep^iette^ 
then supersaturate with ammonia, shake again with amyl-aJoohol, diav 
off the latter with the pipette, and evaporate it on the water-bath. It 
is only in very rare cases that the alkaloid left by this eTaporaticai 
requires a repetition of this process of purification. The last evapon- 
tion of the pure alkaloid is best conducted in a small poroeUin 
cruciblc, placed obliquely. Before proceeding to the decisive reactions, pour 
a few drops of coucentrated sulphuric acid over the alkaloid, and obserre 
whether it still turna brown on the application of this teat ; in which 
case tho process of puriGcation must be repeated — üslar and £RDMA2nr 
have detccted and isolated by this method very minute traces of alka- 
loids, e.g., 5 milligrammes of hydrochlorate of morphia, 1 drop of nicotine^ 
9 milligrammes of strychuiue, mixed with from 2 to 3 pounds of Con- 
tents of the stomach. In his second paper on the subjeot £rdmakk calls 
particular attention to the fact that he succeeded in separatiug by this 
method the poisonous alkaloids from quite putrid intesünes of poisoned 
animals, from a fortnight to a month afber death. The latter experi- 
menta referred to strychnia and morphia. Of course only those portions 
of the alkaloids can be datected which have not yet sufiered decompo- 
sition. With regard to morphia, there would seem to exist no doubt 
but that this alkaloid suffers decomposition in the organism. A rabbit 
had given it 0.1 grm. of hydrochlorate of morphia, and was killed three 
and a half hours afler : no morphia was found in the urine, brain, and 
spinal marrow ; only very little of it in the blood, a little in the stomach 
and the small intestines, more in the other intestines. 

* If lesg water is used, traces of tlie hydrochlorate of the alkali are apt to remain 
in the aiDyl-alcoboIio Solution. J. Eromann recommends always to put aaide thefiift 
an)yl-alc(>h()l, aa well as that used to effect the removal of the fatty matter«, that tbey 
niay, if ueceuary, be sliaken once more with the stated qoantity of acidulated water. 
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4. MeTHODS OF DIBTSCTIKQ StBYOHNIA, BA8BD ÜPOK THE UsB 

OF Chlorofobjc* 

Ck BODOEBS AND GiRDWOOD's METHOD.f 

Digest the substance ander examination with dilute hydrochloric acid 
1 pari of acid to 10 parts of water) and filier ; evaporate the fil träte on 
«he water-bath to dryness, eztract the residue with spirit of wine, evapo- 
rate the Solution, treat the residue with water, tilter, supersaturate the 
Sltrate with ammonia, add ^ oz. (15 grammes) of Chloroform, shake, 
branafer the Chloroform to a aish, by means of a pipette, evaporate on 
the water-bath, meisten the residue with concentrated sulphuric acid, to 
sfiect carbonization of foreign organic matters, treat with water, after 
khe lapse of several hours, then filter. Supersaturate the ültrate again 
with ammonia, and shake it with about 1 drachm (4 grammes) of chloro- 
Cbrm. Repeat the same Operation until the residue left upon the evapo- 
ration of the Chloroform is no longer charred by sulphuric acid. Transfer 
the Chloroform Solution which leaves a pure residue, no longer afifected 
by sulphuric acid, drop by drop, by means of a capillary tube, to the 
Bame spot on a heated porcelain dish, letting it evaporate, then test the 
residue with sulphuric acid and Chromate of potassa. Rodgers and 
GiRDWOOD sncceeded in detecting by this method so small a quantity of 
atrychnia as the ^^nnr^^ P^^ ^^ ^ grain. 

b. Method recommended by R PR0LLiü&)t 

Boil twice with spirit of wine, mixed with some tartaric acid, evapo- 
rate at a gentle heat, filter the residuary acid aqueous Solution through 
a moistened filter, add ammonia in slight excess, then from 20 to 25 grains 
(about H gnn.) of Chloroform, shake, free the deposited Chloroform 
tboroughly from the ley, by decanting and shaking with water, mix the 
Chloroform so purified with 3 parts of spirit of wine, and let the fluid 
evaporate. If there is any notable quantity of strychnia present, it is 
obtained in crystals. 

5. Method of effectinq the Detection of Strychnia in Beer, 

BY Orakam and A. W, Bo/mcmn,^ 

This method, which is based on the known üid that a Solution of a 
Salt of strychnia, when mixed and shaken with animal charcoal, yields 
ita strychnia to the charcoal, will undoubtedly be found applicable also 
for the detection of other alkaloids. The process is conducted as fol- 
Iowa : — 

Shake 2 ounces of animal charcoal in half-a^gallon of the aqueous 
neutral or feebly acid fluid under examination ; let the mixture stand 
for from 12 to 24 hours, with occasional shaking, filter, wash the char- 
coal twice with water, then boil for half-an-hour with 8 ounces of spirit of 
wine of 80 — 90 per cent, avoiding loss of alcohol by evaporation. Filter 
the spirit of wine hot from the charcoal, and distil the filtrate ; add a 
few drops of Solution of potassa to the residual watery fluid, shake with 

* These metbods are do doubt oseful also for effecting the Separation of otber 
alkaloids ; bowever, ihe deportment of tbe latter with Chloroform Las not yet been 
auffielen tly stadied. 

t LiKBio and KoFP's " Jahreebericht," 1867, 603.— Pharm. Joum. Trans., xvL 
497. 

t Chem. Centrabl., 1857, 281. 

i Chem« See Quart Jonm., v. 178. 

X. S 
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ether, let the mixtare stand at resti tiien decant tbe snpematADt eÜKr. 
The ethereal fluid leaves, upon spontaneouB evaporation, the stiychniiii 
a State of snflELcient purit j to admit of ita fiirther examination hj im^jatt 

(«ee § 237). 

Macadam* emplojed the same method in bis nameroiui experimeBti 
to detect strychnia in the bodiea of dead animala. He trated ^ 
comminuted matten with a dilute aqueous Solution of oxalic aod n 
the cold, filtered through mnslin, waahed with water, heated to hcfli^l 
filtered still warm, from the coagulated albuminoua matten, Bhock witk 
charcoal, and proceeded in the manner just deticribed. Aooording to \k 
Statements, the residue loft by the evaporation of the alcoholio soIiitMi 
was generallj at once fit to be tested for strychnia. Where it wm Mt 
so, he treated the residue again with Solution of ozalio acid, and xepntol 
the process with animal charcoaL 

6. Separation bt Dialtsis. 

The dial jtic method devised bj Graham, and deecribed in § 234, wtj 
also be advantageously employed to effect the Separation of albJoidi 
from the contentsof the stomach, intestines, dca Aeidifj with hydrochkxk 
acid, and place the matter in the dialjser. The alkaloids, being ojitil- 
line bodies, penetrate the membrane, and are found, for tbe greater piitr 
after 24 hours, in the outer fluid ; from this they may, then, aooordug 
to circumstances, either be thrown down at onoe, afVer ooncentration 1)f 
evaporation ; or they may be purified by one of the above describeJ 
methods. 

IL 
General Plan of the Order and Successiok in wmcH 

SUBSTANCES SHOULD BE ANALTZED FOR PhACTICE. 

§245. 

It is not a matter of indifference whether the Student, in analjin^ 
for the sake of practice, follows no rule or order wbatever in tk 
selection of the substances which he intends to analyze, or wbotho; 
Oll the coutrary, his investigations and experiments proceed systemati- 
cally. Many ways, indeed, may lead to the desired end, but one of 
them will invariably prove the shortest. I will, therefore, here poinft 
out a course which exi>erience has shown to lead safely and speedilj 
to the attainmeut of the object in view. 

Let tho Student take 100 Compounds, systematically arranged («tf 
helow)j and let him analyze these Compounds successively in the order 
in which they are placed. A carefiil and diligent examination of these 
will be aniply sufficient to impart to him the necessary degree of skillin 
practical analysia. When analyzing for the sake of practice only, the 
Htudent must above all things possess the meaus of venfying the results 
obtained by his experiments. The Compounds to be examined ought, 
tlierefore, to be mixed for him by a friend who knows tbeir exact com- 
poäitiou. 

A. From 1 to 20. 

Aqueous SOLUTIONS OF SIMPLE SALTS : 6, g., sulphate of soda, nitrate of 
linie, Chloride of copper, &c These inv&stigations will serve to teach 
tlie Student the method of analyzing substances soluble in water which 

• PhArm. Joum. Trans., xn. 120, 160. 
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contain but one base. In these invesiigations it is only intended to 
asoertain which base ia present in the fluid ander examination ; but 
neither tbe detection of the acid, nor the proof of the absence of all other 
bases beeidea the one detected, is required. 

B. From 21 to 50. 

SaLTS, ETa, OONTAIKINa ONE BASE AND ONE AdD, OB ONE KETAL 

AND ONE ifETALLom (in form of powder) : e.^., carbonate of baryta, borate 
of soda, phosphate of lime, arsenious acid, chloiide of sodium, bitartrate 
of potassa, acetate of copper, sulphate of baryta, chloride of lead, &c. 
These investigations will serve to teach the Student how to make a pre- 
liminary examination of a solid substance, by heating in a tube or before 
the blow-pipe ; how to convert it into a proper form for analysis, Le., 
bow to dissolve or decompose it ; how to detect (me metallic oxide, even 
in substances inachihle in water ; and how to demonstrate the presenoe of 
cne aeid. The detection of both the base and the acid is required, but it 
ifl not necessary to prove that no other bodies are present. 

C. From Öl to 65. 

Aqüeous ob acid SOLUTIONS OF SEVERAL BASES. These Investlgations 
will serve to teach the Student the method of separating and distinguish- 
ing several metallic oxides from each other. The proof is required that 
no other bases are present besldes those detected. No regard is paid to 
the acida 

D. From 66 to 80. 

Dby mixtubes of eteby description. A portion of the salts should 
be organic, another inorganic ; a portion of the Compounds soluble in 
water or hydrochloric acid, another insoluble ; e, g., mixtures of chloride 
of sodium, carbonate of lime, and oxide of copper ; — of phosphate of 
magnesia and ammonia, aud anjenious acid ;— of tartrate of lime, Oxalate 
of lime, and sulphate of baryta ; — of phosphate of soda, nitrate of ammonia, 
and acetate of potassa, 6ic 

These investigations will serve to teach the student how to treat mix- 
tures of diflerent substances with solvents ; how to detect several acids 
in presence of each other ; how to detect the bases in presence of phos- 
phates of the alkaline earths ; — and they will serve as a general intro- 
duction to scientific and practical analysis. All the component parts 
must be detected, and the nature of the substance ascertained. 

E. From 81 to 100. 

Native COMPOUNDS, ABTICLCS OF coHMEBCE, &c Mineral and 
other waters^ minerals of every description^ soils, potash^ soda^ alloys, 
oolors^ &c. 

III. 

AbBANGEHENT OF THE ReSULTS OF THE AnALYSES PEBFOBMED 

FOB PrACTIOE. 

§ 246. 

The manner in which the results of analytical investigations ought to 
be arranged is not a matter of indifference. The followiug examples 
will serve to illustrate the method which I have found the most suitable 
IM this respect. 

z2 
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heat, tJie?i reinaining unallered — wluble in waler — readion wimM> 



Ha 

no preei- 
piUUe, 



HS 

no preci- 
pUate. 



NH, S 

no precipir 
tale. 



NH,o,ca, 

andNH.Cl 

no precipi' 

tote. 



2 NaO,HO,PO,«i 
NH,0 
afohiiepredf^ 
ooDsequeDÜj 

MAGK0U* 



The detected base being Mg O, and the analyzed sabstanee ^ 

Boluble in water, the seid can only be Cl, I, Br, SO,, NO^, A, &c *■ 
preliminary examination has proved the absence of the organic wd^^ 
of nitric acid. 

£a Cl produces a white precipitate whioh H Cl falls to di88ol?e; ^ 
sequentlj sulpuurio acid. 
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IV. 



TABLE 

OV THS 

MORE FREQXJENTLY OCXJURRING FORMS AND 
COMBINATIONS OF THE SUBSTANCES TREATBD OF IN THE 

PRESENT WORK» 

AMRAJxam 

WITH E8FE0ZAL BXOASD TO THI OLABB TO WHIOH THIT BISPCOTIVALT BELOHa 

▲oooBDnra to theib bolubhitt 

IN WATER, IN HYDROCHLORIO ACID, IN NITRIC ACID, 
OR IN NITROHYDROCHLORIO ACID. 



§ 247. 

PBELIMINABY RRMAKKfU 



The class to which the several Compounds respectivelj belong acoord- 
ing to their Bolubility in water or adds (see § 179), is expressed bj 
figores. Thus 1 or I means a substance soluble in water ; 2 or II a 
substance insoluble in water, bat soluble in bydrochloric acid, nitric acid, 
or nitrobydrochloric acid ; 3 or III a substance insoluble in water, in 
bjdrochloric acid, and in nitric acid. For tbose substances which stand 
as it were on the limits between the various classes, the figures of the 
dasses in question are jointlj expressed : thus 1 — 2 signifies a substance 
sparingly soluble in water, but soluble in hjdrochlorlc acid or nitrio 
acid ; 1 — 3 a bodj sparingly soluble in water, and of which the solubility 
is not notably increased by the addition of acids ; and 2 — 3 a substance 
insoluble in water, and sparingly soluble in acids. Wherever the depori- 
ment of a substance with hydrochloric acid differs materially from that 
which it exhibits with nitric acid, this is stated in the notes. 

The Roman figures denote officinal and more commonly oocnrring 
compoimds. 

The haloid salts and sulphur Compounds are plaoed in the columns of 
the corresponding oxides. The salts given are, as a general rule, the 
neutral salts ; the basic^ acid, and double salts, if officinal, are mentioned 
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in the notes ; tlie small figares plaoed near the oorresponding neutral or 
simple salts refer to these. 

Cyanogen, chloric aoid, citric acid, malio add, benzoic acid, suooinic 
acid, and formio aoid, are of more common occurrenoe in oombioation 
"with a few bases onlj, and have therefore been omitted from the table. 
The most frequently occarring compoimds of these substanoes are : 
Cyanide of potassium I, ferrocyaaide of potassium I, ferricyanide of 
potassium I, sesqui-ferrioyanide of iroD (Prussian blue) III, ferrocjranide 
of zinc and potassium II — III, chlorate of potassa I, the citrates of the 
alkalies I, the malates of the alkalies I, malate of sesquioxide of iron I, 
the benzoates of the idkalies I^ the succinates of tho alkalies I, and the 
formates of the alkalies L 



IHDEZ or THE SOLÜBIUTr Ol 
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SH,0 
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CrO, 
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NOTES. 

BuLPRATE of potasaa and alamina I, 

llicarbonate of potasaa L 

Binos&lute of potasaa I. 

Tartarized borox (bitartrftte of potassa and borate of soda) L 

Bitartrate of potaasa I-II. 

Tartrate of potassa and amtnonia I. 

Tartrate of potassa and soda I. 

Tartrate of potassa and Hesquioxide of iron L 

Tartrate of antimony and potaeaa I. 

Phoqihatä of Boda and ammonia I. 

Bioarbonate of Boda I. 

Seequiohloride of iron and cUoride of ammoDinm L 

Sulphate of aliimina and ammonia L 

Basic phoBphate of lime IL 

Sulphide of cobalt is prettj readily decomposed by nitrio acid, bo 

veiy diffioultly by hjdrochloric acid. Thia sabstaace is uo 

officioaL 



SUBSTANOES IN WATER OS ACIBS. 
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PbO 


SnO 


SnO, 
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CuO 


Hg.0 
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PtO, 
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1 6. Tha same appliea to eulphide of oickeL 

17. Sulphide of zioo is readily soluble in pitrio acid, somewIiBt more 

sp&ringly Bolubla in hydrocbloric acid. 

18. Minium ia converted hj hydrochloric acid into chloride of lead ; 

bj nitrio acid into oxide, wbioh redisBotvea in an ezcess of the 
acid, and into brown binoxide of lead, wbicb is iusolnble io 
nitric acid. 

19. Trieacetato of lead I. 

20. Proto- and bisulphide of tin are deoomposed aad disBolTed hy 

hjdrochloric acid ; b; nitrio acid they are conveiled intu 
binoxide, wliicb is ineoluble in an excess of tbe acid. Sat>- 
limed bisulphide of tin dissolves ooly in nitrobjdroohlorio 

21. Basic nitmte of teroxide of biamntb II. 

22. Amtnoniated oxide of copper 1, 

23. Sulpbide of cop|«r ia difficultlj decomposed hj hfdrochlorio acid, 

but witb facilitf by nitrio iicid. 

24. Chloride of copjier and a 

25. Siilpliate of copper and a: 
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26. Basic acetaie of oopper, partiallj aolable in water, and oompletelj in 

acida. 

27. Basio nitrate of subozide of meroory and ammonia IL 

28. Ammonio-cbloride of mercory II. 

29. Basio sulphate of oxide of mercury IL 

30. Sulphide of silver soluble only in nitric acid. 

3L Bisulphide of plaünum is not affected bj bydrocUoric acid, and bat 
litUe bj boiling nitrio acid ; it dissolyes in bot nitrohjdrochloiie 
acid. 

32. Bicbloride of platinmn and cbloride of potassinm 1 — 3. 

33. Bicbloride of platinom and cbloride of ammonium 1 — 3. 

34. Tercbloride of gold and cbloride of sodiom I. 

35. Teroxide of antimonj is aoluble in bjdrocblorio acid, bat not in 

nitric acid. 

36. Tersulpbide of antimony and sulpbide of caloiom I — ^IL 

37. Basic tercbloride of antimony IL 

38. Tartrate of teroxide of antimony and potaasa L 



Note to Page IIL 

For a fall acconnt of Thalliux, tbe Editor refers to tbe original papen 
of its discoverer, Mr. Grookes, pablisbed in tbe Chemical News^ Pbilo- 
sopbical Transactionsy and Prooeedings doxing tbe years 186 1^ 2^ and 3. 
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V. 



TABLE OF WEIGHTS AND MEASÜRES. 



OILLXX] 
1 

• 

2 
3 
4 
5 
6 
7 
8 
9 



OBAHTB. 

15 '4323 

30-8646 

46-2969 

61-7292 

77-1616 

92-5938 

108-0261 

123-4584 

138-8907 



DBCIO&AXXSS. 
1 

2 
3 
4 
5 
6 
7 
8 
9 



ORAIVS. 

1-5432 

30864 

4-6296 

6-1728 

7-7160 

9-2592 

10-8024 

12-3456 

13-8888 



onmo&AjnuB. 


OBAnrs. 


XILLIO&AXX». 


GBAIK8. 


1 = 


3 -1543 


1 = 


= -0154 


2 


•3086 


2 


•0308 


3 


•4630 


3 


•0463 


4 


•6173 


4 


•0617 


5 


•7717 


5 


•0771 


6 


•9260 


6 


•0926 


7 


1-0804 


7 


•1080 


8 


1-2347 


8 


•1234 


9 


1-3891 


9 


•1389 


X1TR0. 


nroHKS. 


DECniBTlUBS. 


nrcHn. 


1 = 


= 39-37 


1 = 


= 3-937 


2 


78-74 


2 


7-874 


3 


11811 


8 


11-811 


4 


157-48 


4 


15-748 


6 


196-85 


5 


19-686 


6 


236*22 


6 


23-622 


7 


275-59 


7 


27-559 


8 


314-96 


8 


31-496 


9 


354-33 


9 


35-433 


dimxiTxifl. 


nroHU. 


XILLnaTBIS. 


XH0HX8. 


1 = 


-3937 


1 = 


= ^03937 


2 


•7874 


2 


•07874 


3 


1-1811 


3 


•11811 


4 


1-5748 


4 


•16748 


6 


1-9685 


6 


•19686 


6 


2-3622 


6 


•23622 


7 


2-7559 


7 


•27559 


8 


31496 


8 


•31496 


9 


3-5433 


9 


•35433 



One kilogramme 
One cabic oentimetre 
OneÜtre 



15432 grains. 
00610 cubic inch. 
61-0270 oabio inchea. 
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A. 



PAOB 



Aeetic add (as reagent) ... 88 
deportment with reagenti 198 
detection of, in limple oom- 
poundB 223 

in oomplex oom- 
poondB 260, 252 
Aeids, ftB reagenti .... 80 
Actnai ezamination . . . .214 
Aleohol (aa reagent) . . . .80 
Alkaloida, detection of . . .829 
inpreeence of coloring 
and extractiTe Tege- 
table or animal matter 832 
Alkaline eolntione, examination of . 229 
Alloyi, examination of . . 209, 213 
Alnmina, deportment with reagenti • 90 
detection of, in soluble aimple 

oomponndi . 218, 224 
in Bolnble complex 

Compounds 239, 240, 242 
in inaolnble complex 
Compounds . . 258 
phoaphate (see phosphate of 
alumina). 
Ammonia (ai reagent) ... 44 
deportment with reagenta . 78 
detection of, in simple eom- 
ponnda • 219 

in complex Com- 
pounds I 246 
in Boils . . 276 
in fresh waters 265 
in min eral waters 267 
earbonate of (as reagent) . 52 
molybdate of (as reagent) . 54 
Oxalate of (as reagent) • 50 

Antimpnic aeid, detection of . . 809 
Antimony, detection of, in alloys . 213 
properties of . .181 

teroxide of, detection of^ in 

simple Compounds . 215 
in complex Compounds 285 
in Sinter depodti 272 

in food, &e. . .289 



PlOB 

Antimony, teroxide o^ deportment 

with reagents .... 181 

Apoorenic add, detection of, in soils . 277 

in minenJ waters 278 
Apparätus and Utensils ... 25 
Arsenic, properties of . . .184 
add, deportment with reagents 148 
produoed firom arsenious acid . 140 
the tersulphide 140 
Arsenious add, deportment with re- 
agents 184 

Aneniousandarsenic addi^ detection ol^ 

in simple Compounds . 215 
in complex Compounds 234,255 



266 
285 
272 

147 
297 
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in mineral waters 
in food, &c. • 

in Sinter depodts . 
Arsenious from arsenic add, how to 
distinguish .... 
Ashes of pUnts, animals, manures, &e., 
examination of ... 

B. 

Baryta, deportment of^ with reagents . 
detection o^ in soluble simple 

Compounds . 219 
in insoluble simple 

Compounds . 228 
an soluble oomplex 

Compounds . 244 
in insoluble com- 
plex Compounds 252 
in mineral waAers 269 
in Sinter depodti • 273 
earbonate of (as reagent) • 59 
hydrate of (as reagent) . . 68 
nitrate of (as reagent) . 58 
water (as reagent) . 45 
Bases (as reagents) . . . 42 
Beaker glasses • ... 26 
Benioio add| detection of, in simple 

Compounds . 223 
in complex Com- 
pounds . . 252 
deportBiDt with ztagents 192 
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PAOB 

Beryll», deportment with reagenti 74 

deteetionof . . 811,812 

Biimatli, detecüon of, in «Uoys . 209 

in aiiioles of 

food, &o. . 289 
properties of . 119 
terozide, deportment of, with 

reagentB . 119 

detection of, in simple 

Compounds . 216 
in complex com- 
poondi . 286, 287 
hydrated (m reagent) 47 

Blowpipe 18 

flame ... 14, 15 
Boraeie aoid, deportment with re- 

agents . 160 

detection of, in simple 
oompoands 221, 224, 225 
in complex Com- 
pounds 244, 249 
in Silicates 259, 261 
in mineral wa- 
ten . .270 
Borax (as reagent) . . 71 

Bromie acid, detection of . . .810 
Bromine, properties and deportment 

with reagents . .172 
detection of 221, 225, 227, 248 
in mineral wa- 
ters . . 270 
Brnda, deportment with reagents . 826 
detection of, in simple Com- 
pounds 829, 830, 881 
in complex Com- 
pounds . . 882 
Butyric acid, deportment with reagents 196 

C. 

Cadmium, properties of . . . 121 
Oxide, detection of, in simple 

Compounds 215 
in complex 
Compounds 286, 287 
deportment with re- 
agents . . . 121 
Cnsium, oxide, deportment with re- 
agents . • 80 
detection of . .271 
Carbon, detection of, in Compound 

bodies 227, 253 

in Silicates . 259 

properties of . . .167 

Carbomoacid, deportment with reagents 1 67 

detection of, in simple 

Compounds 219 
in complex 
Compounds 230 
in soils 275, 276 
in weiland 
mineral waters 264, 265, 266 
Cerium, oxides, deportment with re- 
agents . . 95 
detection of . .312 
Charcoal for blowpipe experiments 15 



FIGI 

Cblorie add, detection of . . 221, 248 

deportment with reagonts 184 

Chloride of ammoniom (as z«agent) • 55 

of barium (aa reagent) • 58 

of calcium (aa reagent) • 59 

of mercury (aa reagent) • 6S 

Chlorine (as reagent) • . . 85 

properties and deportment 

with reagents 171 
detection of, in solnble simple 

oomponnda 221, 225 
in inaolnble sim- 

pie oomponnda 227 
in solnble com- 
plex oomponnds 248 
in iosolnble com- 
plex oomponnda 254 
in soils . . 275 
in freah and mi- 
neral waters . 264 
in aülcatea 260, 261 
Chloroform (as reagent) ... 80 
ChlorouB add, deportment with reagents 182 
detection of • . 810 

Chrome-ironstone, analysis of . . 255 
Chromic acid, deportment with reagents 152 
detection of, in simple 
Compounds . .219 
in complex compoonds 249 

in inaolnble oom- 
ponnds . . 255 
Chromium, seaquioxide, deportment 

. with reagents . 92 

detection of, in solnble 
simple Com- 
pounds 217, 218 
in complex Com- 
pounds 240, 24S 
Ciuchonia, deportment with reagents . 322 
detection of, in simple Com- 
pounds . 830 
in complex Com- 
pounds . 832 
Citric acid, deportment with reagents lb7 
detection of, in simple Com- 
pounds . 222 
in complex Com- 
pounds . 250 
Cobalt, properties of ... 104 
protoxide, deportment with re- 
agents . 104 
detection of, in sim- 
ple Compounds . 217 
in complex Com- 
pounds 241, 242 
nitrate (as reagent) . . 72 
Coloration of flame . . . .21 
Conia, deportment with reagents . 817 
Copper (as reagent) . . . .47 
properties of . . .117 
oxide, deportment with reagents 117 
detection of, in simple Com- 
pounds . 216 
in complex Com- 
pounds 286, 237 
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PAOB 



Copper, oxide, detection of^ in Binter 

depoaiti . 272 

Bulpbate (Mreagenl) . 68 

Grenie acid, deteetion o^ in soils . 277 

in mineral waten 273 

Crystallization 5 

Cyanide of potaannm (as reagent) . 65 

in the moist way 55 
in Ihe drj way . 70 
Cyanides, insolnble in water, analyaiB of 256 
Oyanogen, deteetion of, in simple Com- 
pounds 220, 227 
in complex Com- 
pounds 281, 248 
properties of . . . 176 

D. 

Decantation 8 

Deflagration 12 

Dialysis 282 

Didyminm, oxide, deportment with re- 

agenta • ... 96 

deteetion of . . 811 

Distillation . • • . .10 

Distilling apparatns • . .10 



Edolcoration 8 

Erbium, oxide, deportment with re- 

agenta 95 

deteetion of. . . 811, 812 

Ether (as reagent) .... 80 

Eraporation ..... 9 



P. 



57 



220 



Ferricyanide of potassium (as reagent) 
Ferricyanogen, deteetion of, in simple 

Compounds . 
in complex Com- 
pounds 

248, 256, 257 
Ferrocyanlde of potassium (as reagent) 56 
Ferrocyanogen, deteetion of, in simple 

Compounds . 220 
in complex 
Compounds 

248, 256, 257 

Filtering paper • • • . 7 

Stands .... 7 

Filtration 7 

Flame, colorationof ... 21 

parte of .... 13 
Fluoride of calcium (as reagent) . 69 

Fluorine, deteetion of, in simple Com- 
pounds 220, 224, 
225, 227 
in complex Com- 
pounds 244, 252 
in insol üble Com- 
pounds . 255 
in mineral waters 268 
in Sinter deposits 273 
in Silicates 260, 261 
Fluxing . . • . . .11 
Formic aeid, deportment with reagenta 194 



FAOB 

Formic add, deteotbnof^ in simple Com- 
pounds . 228 
in complex 
compounda 250 

Fnnnela 7, 26 



Fusion 



11 



G. 



Gas-lamp 18, 25 

Geic add, deteetion of, in soils . 277 

Georgina paper .... 66 

Gold, properties of . . • . 125 

deteetion of, in alloya . .213 

terchloride of (as reagent) . . 65 

teroxide, deportment with re- 

agents . . 125 

detecUon of, in simple 

Compounds 216 
in complex 
Compounds 235 

H. 

Halogens (as reagents) ... 81 
Humic acid, deteetion of, in soils .. 277 
Hydriodic add, deportment with re- 
agents 174 

Hydrobromic add, deportment with re- 
agents . • 172 
Hydrochloric acid (as reagent) . . 84 

deportment with re- 
agents . 171 
Hydrocyanio add, deportment with re- 
agents . 176 
in organic mat- 
ters . . 290 
Hydroferricyanic add, deportment with 

reagents 178 

Hydroferrocyanicadd, deportment with 

reagents 178 

Hydrofluoric acid, properties and de- 
portment witii reagents . .168 
deteetion of . .249 

Hydrofluosilidc acid (as reagent) . 87 

deportment with 

reagents . 156 
Hydrogen adds (as reagents) . . 34 
HydroBulphurio add (as reagent) . 37 

deportment with 

reagents . 178 
deteetion of,in sim- 
ple Compounds 219 
in complex Com- 
pounds - 248 
in mineral waters 267 
Hypochlorousadd, deportment with re- 
agents 182 

deteetion of . .310 
Hyponiobic acid, deportment with re- 
agents 98 

deteetion of . . . 809 
Hypophoephorous add, deportment 

with reagents .... 182 
Hyposulphurous add, deportment with 

reagents 154 

deteetion of . • 809, 310 
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PAOB 



I. 



Ignition • • t • • • 10 
Indigo Solution (as reagent) • . 67 
Inoiganio bodiet, detection o^ in pr«- 

senoe of organic bodies • • 278 
lodic «dd, depoxtment wiih reagents 154 
detection of . . . 810 
lodine, detection of, in limple Com- 
pounds 220, 225, 227 
in oomplex com- 

poands . 248 

in minenJ waters 277 

properties of . . . . 174 

Iran (as reagent) • . • • 47 

properties of . . . .105 

protoxide, deportment with reagents 105 

detection of, in simple 

Compounds . 217 
in complex Com- 
pounds . 242 
in well and mi- 
neral waters 

264, 267, 268 
sulphate of protoxide (as reagent) 60 
sesquichloride (as reagent) . • 61 
seequioxide, deportment with re- 
agents • . . . . 107 
detection of, in simple 

Compounds • 215 
in complex Com- 
pounds 231, 242 
in Solls . . 276 
• inwellandmine- 

ral waters 264, 268 
Iridium, oxide, deportment with re- 
agents . . .147 
detection . 810, 812 

L. 

Lactic acid, deportment with reagents . 196 

Lamps, use of 17 

Lanthanium, oxide, deportment with 

reagents . 96 

detection of .811 
Lead, properties of, and deportment 

of oxide with reagents . 114 

oxide, detection of, in soluble simple 

Compounds 214, 216 
in insoluble simple 

Compounds . 227 
in soluble complex 

Compounds 229, 287 
in insoluble complex 

Compounds . 254 

in organic matters 289 

in sinter deposits 272 

acetate (as reagent) . • 62 

Lime, deportment with reagents . 85 

detection of, in soluble simple 

Compounds . 218 
in soluble complex 
comi)ounds 242, 243, 

2i5 



PA«I 

Lime^ dflieetioiol^ in insoliible «mpW 

oomponnda 227, 228 
in inaoiuble oomplex 

oomponnda • 25S 

in aoila . 276 

inwelland mineral 

watan • 264 

•n]phate(asieagent) • 59 

water (as reagent) . • • 46 

Lithia, deportment with reagents • 80 

detection of, in minerml walcfs 270 

Litmns-paper 65 

M. 

^fte"*"^ deportment with reagents . 8$ 
detection o^ in simple Com- 
pounds . 219 
in oomplex oom- 
ponnda . 245 
in aoila . • 276 
in well and mi- 
neral waters 

264,265 
sulphate of (aa reagent) 60 

ICalic acid, detection o^ 

in simple Compounds 22S 

in complex compoimds 250 

deportment with reagents . 188 

Kanganese, properties of . .101 

protoxide, detection of^ in 

simple Compounds • 217 

in complex Compounds 240, 24S 

in soüs . 275, 276 

in mineral waters . 269 

protoxide, deportment with 

reagents . . .101 

Marsh*s apparatus . . .188 

Mercury, detection of^ in articlea of 

food, fte. . . .289 
properties of . . .118 
Chloride (as reagent) . . 68 
oxide^ deportment with re- 
agents . . .116 
detection of, in soluble 
simple Com- 
pounds . 216 
oxide, detection of, in soluble 

complex Compounds 287 

Buboxide, deportment with 
reageata . .US 

detection d, in nm- 
ple Com- 
pounds 24 
in complex 
Compounds 229 
nitrate o^ (as re- 
agent) . . 62 
Metallie poisons, detection of^ in ar- 

ticles of food, &c . . .279 
Metals (as reagents) . . . . 12 
Mineial waters, analjsis of . .266 
Molybdenum, deportment of oxide ol^ 

with reagents . . .148 

detection of . . 809, 312 
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Morphia, deportment with reagenti 818 

deteoiion o^ in simple oom- 

poundB 829, 880 
inoomplexcom- 
poundB . 831 

N. 

Narootina» deportment with reagenta . 820 
detection of, in simple com- 

poands 829, 830 
^ incomplezoom- 

ponnds , 882 
Nickel, properües of . . • 102 

protoxide, deportment with re« 

agentB . .102 
detection of, in simple 

Compounds . 217 
in complex 
Compounds, 

241, 242 

Kiootina, deportment with reagenta • 816 

Niobic acid, detection . . .312 

Nitric acid (aa reagent) .... 83 

deportment with reagenta . 183 

detection of, in simple com- 

pounda . 221 
in complex com- 

pounda . 248 
in soils . . 275 
in well and mi- 
neral waters, 

264, 270 

Nitrohydxochloric aoid (aa reagent) . 86 

Nitroua acid, deportment with reagents 1 81 

detection of . . .310 

in fresh waters 266 

in mineral waters 271 

0. 

Oamium, ozides, deportment with re- 
agenta . . 123 
detection of 810, 811, 812 
Ozalic acid, properties of . .162 
deportment with reagents . 1 62 
detection of, in simple com-, 

pounds 220, 224, 225 
in complex Com- 
pounds 248, 249, 252 
Ozidinng ilame .... 14 
Oxygen acids (aa reagents) . 81 

baaes (as reagenta) ... 42 

P. 

Palladium, properties of . . . 123 
protoxide of, deportment 

with reagents 128 
detection of . . . 810 
Bodio-chloride aa reagent . 65 
Paratartaric acid, deportment with re- 
agents 190 

Perdüorio acid, deportment with re« 

agenta 186 

Plioaphate of aoda and ammonia (as 

reagent) 71 

Phoaphiäea ni aUudine earths, detec- 
tion of, in aimple Compounds 224 



PAOB 

Phosphates in complex Compounds . 241 
Fhosphorio acid, deportment with re- 
agenta • 156 
monobasio . 160 
faibasic . . .160 
detection of, in simple 
Compounds, 
220, 224, 225 
in complex 
Compounds, 
243, 248, 251, 255 
in soils 275, 276 
in mineral 
waters, 264, 268 
in ailicatea, 

259, 261, 262 
in artidea of 
food, &0. . 292 
Phoephorous acid, deportment with re- 
agents 167 

Phosphor US, properties of .156 

Pincers 26 

Platinum, detection of, in alloya . 218 
properties of . . .126 

bichloride of (aa reagent) . 64 
binoxide of, deportment with 

reagenta • 126 
detection of in sim- 
ple Compounds 216 
in complex 
Compounds 285 
cruciblea and their use 11, 25 
foil and wire . . 16, 25 
Porcelain dishes and cruciblea . . 26 
Potaasa (as reagent) .... 42 
antimonate (as reagent) . . 54 
bichromate (as reagent) . . 58 
nitrite (as reagent) . . 58 
sulphate (as reagent) . . 50 
deportment with reagents . 75 
detection of, in simple Com- 
pounds . . 219 
in complex com- 

pounda 246 
in well and mi- 
neral waters . 265 
in Silicates . 261 
in soils . . 276 
Potaasium, ferrioyanide of (as reagent) 57 
ferrocyanide of (aa reagent) 56 
sulphocjanide of (as reagent) 57 

Precipitation 6 

Preliminary examination of solid bodiea 204 

offluids . 209 
Propionic acid, deportment with re- 
agents 196 

Q. 
Quina, detection of, in simple Compounds 881 
Quina, detection of, in complex com- 

pounda .... 882 

deportment with reagenta 821 

£. 

Bacemio add, deportment with reageats 190 
A 
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EeieiionB ... . . 78 

Basgents 27 

Bedneing flame .... 15 

Retorte 26 

Bhodiam, sesqnioxide, depoitment 

withreagentt .... 128 

detectionof 810 
Robidigin, ozide, deportment with re- 

agenta 80 

detection in mineral 

vsten . 271 
Rntheniuin, oxidet of, deportment 

with reagente .... 124 

detectionof 810 

a 

Salioiney deportment with reagenta 829 

detection of, in aimple Com- 
pounds . 830 
in oomplex Com- 
pound« 881, 882 
Salta (aa reagenta) .... 49 
Seleniam, propertiea of . . . 149 
oxidee of, deportment with 

reagenta 149 

detectionof . . . 810 
Stlioatea, analysia of ... 268 

Silidc add, propertiea and deportment 

with reagenta .... 169 
detection of^ by the Uow- 

pipe . • 209 
in Bolnble com- 
ponnda 

217, 218. 220, 224 
in insolnble simple 

Compounds . 228 
in soluble oomplex 
Compounds, 
229, 280, 248, 249 
in insoluble oom- 
plex Compounds 258 
in Boils . . 276 
in mineral waters 267 
Silrer, detection of, in articles of food, 

&c. 288 

propertiesof . . . 112 

oxide 0^ deportment with re- 
agenta . 112 
detection of, in simple 
Compounds 

214, 227 
in complex com- 
• pounds 229, 253 

nitrate (as reagent) . 62 



Sinter deposita, analysia of 
Soda (as reagent) 

deportment with reagenta 
detection of, in simple Compounds 219 
in complex com 

poands 
in well and mineral 

waters 
in Silicates 
in soils . 
aoetate of (aa reagent) 



271 
42 
76 



246 

265 

261 

276 

51 



Pia 

8oda,biboiate of (m reagent) 71 

carbonate of (as reagent) • 51, O 
nitrate of (aa reagent) & 

phoatdiata of (aa reagent) M 

anlphite of (aa reagent) S 

and ammonia, pliosphate ci (as 
reagent) . ... 71 

and potawnii carbonate of (aa re- 
agent) . . . . 67 

Sodio-protochloridd of paJIadinm (as 

reagent) . ... 65 

SoÜB, analysia of . . . . 273 

Solubility, table indioating d^greea of . 814 
Solution . . . . . . S 

of bodiea for aiuJjaia . . SlO 

Spectroeoope SS 

Spectrum analysia • . . il 

Spirit-lamps . . . • . 17 
Strontia» deportment with reagaita 6S 

detection o^ in aoluble aimple 

oomponnda . 218 
in insolnble aimple 

oomponnda . 288 
in aoluUe oomplex 

oomponnda . 245 
in insolnble com- 
plex Compounds 253 
in mineral waten^ 268 
in ainterdepoaita . 271 
StTychnia^ deportment with reagenta . 321 
detection o^ in aimple oom- 
ponnda 

329, 880, SSI 
in complex c(hb- 
pounda . 882 

Sublimation 11 

Sucoinicacid, detection o^ in aimpleeam- 

ponnda . 228 
in complex 
oompoimds 259 
deportment with. reagenti 191 
Sulphate of lime (as reagent) . . 6$ 
Sulphide of ammonium (aa reagent) . 48 
ofcarbon (as reagent) . SO 

iron . . . . 37 
sodium (as reagent) . 49 

SulphideS) metallic, detection of, in sim- 
ple oomponnda, 219, 225 
detection of^ in oom- 
plex Compounds, 

248, 251 
detection o^ in aili- 
catea . . .259 
Sulphooyanide of potaaaium (aa reagent) 57 
Sulphur acids (as reagenta) . . 37 

bases (as reagenta) 48 

detection of, in insolnble com- 
plex oomponnda . 258 
properties c3f ... 178 
Sulphuretted hydrogen (aee hydroenl- 

phnric acid) 
water (aa reagent) 41 
Sulphuric aeid (as reagent) 31 

deportment with re- 
agenta . • .155 
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Salpkiiric »cid, detection of^ in tolnble 

BÜnple oom- 
ponndB 220, 225 
in solable com- 
plez oompoonds 247 
in insolable sim- 
ple oomponnds 

227, 228 
in infldable 
oomplez oom- 
poonds 254, 255 
in Boils .275, 276 
detection o£, in well and 

mineral waten, 264, 278 
in siUcatfls 259, 261 
Solphnrons add, deportment wiih re- 

agent 154 

T. 
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add, deportment with re- 

agents 98 

deteddon of . 309, 812 

Vaitarieadd (asieagent) 84 

deportment with reagent 186 
detection o^ in simple 

oompoonds 222 
in complex com 
poonds 
TeUnrioB, ozides, deportment with re- 
agenta 

detection of 
Terbium, ozide, deportment with re- 
agenta .... 
detection of 
Teat-paper .... 
Teat-tobea , . . . 
ThaUinm ozideB, deportment with re- 
agenti . 
note on • . • 
Tboria, deportment with reagenta 

detection of 
Tin, propertiea of . . • 

binoxide, deportment with reagenta 129 
detÖBtioD o( in soloble sim- 
ple oompoonds 215 
in soloble oomplex 
oompoonds . 
in inaoloble oom- 
poonds 
in artides of food, 
&o. 
proioehloride (aa reagent) 
pfotozide, d^Mrtment with re- 

agents . .128 



250 

149 
810 

95 

Sil 

65 

26 

111 
846 
95 
811 
128 



285 

253 

288 
64 



Tin, protozide, detection of^ in nmple 

oompoonds 
in oomplez 

oompoonds 285 
in articles of 
food, ke, . 
ntanio add, deportment with reagenta 

detection of 
Tongsten, ozides, deportment with re- 
agenta .... 
detection of 
Tormeiie paper .... 



815 



289 

97 

812 

148 

809 

66 
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ülmic add, detection of, in soils 
üraniom, ozides o^ deportment with 

reagenta .... 110 
detection of . 812 

V. 

Vaoadiom, ozides, deportment with re- 
agenta 110 

detection of . .812 
Veiatria, deportment with reagenta . 827 
detection of, in dmple oom- 
poonds 829, 880, 881 
in oomplez oom- 
poonds . 882 



W. 



Washing .... 

bottles 
Water (as reagent) . 

batii . . . . 
Waters, analyds of natond 
Well-water, analjsis of 
Wol£»m, see Tongsten. 

Y. 

Tttria, deportment with reagents 
detection of 



8 

8, 26 

29 

9 

262 

268 



95 
812 



Z. 

Zinc (as reagent) .... 46 
propertiesof .... 99 
ozide of, deportment with reagenta 99 
detection of, in dmple oompoonds 

217, 218 
in oomplez oompoonds 

239, 240, 248 

in dnter depoeits . 272 

Zirconia, deportment with reagenta 94 

detection of. . • • 812 
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Markham on Heart 20 
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Tumbull on Consumption . . 28 
Water« on Emphysema .. ..29 
Weber on Auscultation .. ..29 

BENAL and ÜeINABT 
BISEASE8. 

Acton on Urinary Organs . . 3 

Beale on Urine 6 

Bird's ürinary Deposits . . . . 6 

Coulson on Bladder 10 

Hassall on Urine 14 

Parkes on Urine 21 

Thudichura on Urine . . . . 27 
Todd on Urinary Organs . . . . 28 



.. 6 

.. 6 

.. 6 

.. 10 

EUnds* Harmoniea 16 

Jones on Viaion 17 

Da on Body, Senae, aAd Xind 17 

Mayne's Lexicon 20 

PraU*s(3enealog7 0fCk«atioii.. 22 

Da Eccentiic and Centrie 

Force 22 

Pratt on Orbital Motkm .. ..22 
Prioe's Photognqüüc üan^^nila- 

tion « 

Rainey on Shells 98 

Reymond*s Animal Eleetridty 23 
Taylor's Medical Joriaprodence 27 
Unger's Botanical Letten ..29 
Vestigea of Creation 28 

STJBOERY. 

Adams onReperattonofTendoos 8 

Da Subcotaneona Saxgpcj 8 

Anderson on the SUn .. .. 8 

Ashton on Rectum 4 

Barwell on Diseases of Jointa .. 4 

Brodhurst on Anchyloaia . . .. 7 

Bryant on Diaeaaes of Jointa .. 7 

Callender on Raptora 6 

Chapman on Uloert 9 

9 

» 
10 
10 
10 
10 

11 
11 



Dö. Variooae Velna 
(Hark's Outlines of Snrgecy . 
Cooper (Sir A.) on Teetia . . . 

Da (S.) Snrg. Dictionary 
O)nlson on Lithotomy .. . 
Curling on Rectum 

Do. onTestia 

Druitt's Surgery 

Fergus8on*s Surgery 

Gray on the Teeth 13 

Heath's Minor Surgery azid 

Bandaging 16 

Higginbottom on Nitrate of Silver 15 

Hodgson on Prostate 16 

Holt on Stricture 16 

James on Hemia 16 

Jordan's Clinical Surgery . . 17 

Lawrence's Surgery 16 

Da Ruptures 18 

Liston's Surgery 19 

Macleod*s Surgery of the Crimea 19 

Maclise on Fractures 19 

Maunder's Operative Surgery.. 20 
Nnnndey on Erysipelaa .. ..21 

Pirrie's Surgery 22 

Prioe on Scrofbla 22 

Savage's Female Pelrie Organs 24 
Smith on Stricture 86 

Da on Hsemorrhoids .. ,.26 
SteggaU's Surglcal Manual ..26 
Teale on Amputation .. ..27 
Tliompson on Stricture . . . . 27 

Da on Prostate . . . . 27 

Da Lithotomy and Lithotrity 27 
Tomas* Dental Surgery .. ..2$ 

Toynboe on Ear 28 

Wade on Stricture 29 

Watson on the Larjmx . . . . 29 
Wcbb's Surgeon's Hoady Rnles 29 
Williamson on Gunshot InJuries 80 
Wilson on Slün Diaeaaes . . . . 81 

Da PortraitsofSkin Diaeaaes 81 
Tearsley on Deafiieaa . . 81 

Da onThroat 81 



i 



i 



i 



f 



-^^(ä3b^ 




f 



k 




f MESSRS. CHÜBCHILL & SONS' PÜBLICATIONS. 8 B 



f MR. F. A. ABEL , F.R.8., Sc MR. O. L. BLOXAM. f 

* HANDBOOK OF CHEMISTRY: theoretical, practical, 

AND TECHNICAL. Second Edition. 8to. doth, 15«. 



0i00i00mm0i0mm0imm0i0imm0m 



MR. AOTON, MJ).0.8. 

A PRACTICAL TEEATISE ON DISEASES OF THE URINAEY 

AND GENERATIVE ORGANS IN ROTH SEXES. Third Edition. 8vo. doth, 
£1. 1«. With Plates, £1. Us. 6d. The Platea alone, limp doth, 10s. 6d. 

THE FUNCTIONS AND DISORDEßS OF THE REPRODUC- 

TIVE ORGANS IN CHILDHOOD, YOUTH, ADULT AGE, AND ADVANCED 
LIFE, considered in their Phyuological, Social, and Moral Rdationa. Third Edition. 
8to. doth, 10«. Sd, ui, 

PROSTITUTION : Considered in ita Moral, Social, and Sanitary Bearings, 

with a View to itf Amelioration and Regulation. Byo. doth, 10«. 6d, 



««M#W#»MWP<«««*>«WWI^ 



DR. ADAMS, A.M. 

A TREATISE ON RHEUMATIC GOUT; OR, CHRONIC 

RHEUMATIC ARTHRITIS. 8to. doth, with a Qoarto Atlas of Platea, 21«. 

•MMMMMWMMMMIMMMI. 

MR. NA^ILLIAM ADAMS, F.R.C.S. 

ON THE REPARATIVE PROCESS IN HUMAN TENDONS 

AFTER SUBCUTANEOUS DIVISION FOR THE CURE OF DEFORMITIES. 
With Platea. 8to. doth, 6«. ^ 

SKETCH OF THE PEINCIPLES AND PRACTICE OF 

SUBCUTANEOUS SURGERY. 8to. doth, 2*. 6d. 



^^0l0^M^M*^M*0*0t0*0^m0i0^^t^ 



DR. WILLIAM ADDISON, F.R.8. 

CELL THERAPEUTICS. 8vo. doth, 4.. 
ON HEALTHY AND DISEASED STRUCTURE, amd the Tbot 

PrINCIPLBS OF TrBATMKNT FOR THK CURB OF DiSBASX, ISPBCIALLY CONHUMPTXON 

AND ScROFULA, fboiided on Microscopical Analtsis. 8yo. doth, 12«. 



tfWWMMtfMWWl*riWI«l«Wm«MWI* 



DR. 80MERVILLE 800TT ALISON, M.D. EDIN.» F.R.C.P. 

THE PHTSICAL EXAMINATION OF THE CHEST IN Pul- 
monary CONSÜMPTION, AND ITS INTERCURRENT DISEASES. With 
Engrayings. 8yo. doth, \2s. 



mmmmmtmmtmmm^i^m 



THE ANATOMICAL EEMEMBEANCER; OR, COMPLETE 

POCKET ANATOMIST. Fifth Edition, carefiiUy Reviied. 32mo. doth, 3t. 6d. 



MMMt^MWMMIiMWVMMWMtfl« 




DR. ANDRE>A^ ANDERSON, M.D. 

TEN LECTURES INTRODUCTORY TO THE STUDY OF FEVER 

X OSl ovo. ClOUl, OS» «MWIMM.WWMWMIMIMMW 

OR. MOOALL ANDERSON, M.O. 

PARASITIC AFFECTIONS OF THE SKIN. with Engraräig». .. 

t 8yo. doth, 5«. 

i PRACTICAL TREATISE ON ECZEMA With Engravings. Syo. 

R doth, 5t. 






MESSRS. CHURCHILL & SONS PUBLICATIONS, 
1 DR. ARLIDQE. 1 

ON THE STATE OF LUNACY AND THE LEGAL PROVISION * 

FOR THE INSANE ; with ObBerrations on the Constnictifm and OiganuatioD of . 
Afylums. 8vo. cloth, 7s, 



mmmtm^mmmtm 



DR. ALEXANDER ARM8TRONQ, R.N. 

OBSERVATIONS ON NAVAL HYGIENE AND SCUEVT. 

More particularly as the latter appeared daring a Polar Voyage. 8yo. doth, 5i. 

MR. T. J. ASHTON. 

ON THE DISEASES, INJUMES. AND MALFOßMATIONS 

OF THE RECTUM AND ANU& Fourth Edition. 8to. doth, 8«. 

PROLAPSUS, FISTULA IN ANO, AND HJIMORRHOIDAL 

AFFECTIONS;theirPatbolag]randTreatinent Second Edition. Post8To.cIotb,2«.U 

MR. TH08. J. AUSTIN, M.R.O.8. ENQ. 

A PRACTIOAL ACCOUNT OF GENERAL PAEALYSIS: 

Itf Mental and Phy tical Symptomt, Statistica, Cause«, Seat, aud Treatment. StowcIoüi, &. 



«WW%W^^MAA«AAMM%«W«MM^ 



DR. THOMAS BALLARD, M.D. 

A NEW AND RATIONAL EXPLANATIOIf OF THE DIS- 

EASES PECULIAR TO INFANTS AND MOTHERS ; with obTioua Suggeftkni 
for their Prevention and Cure. Post 8to. cloth, 4s. 6d, 



f 



«MWl«MWWtftfM«MMWtfMMk« 



DR BAROLAY 

A MANUAL OF MEDICAL DIAGNOSIS. Second EdMoo. 

Foolscap 8vo. cloth, 8«. 6d. | 

DR. NA^. Q. BARKER. 

ON THE CLIMATE OFWÖRTHING: its Remedial loflnenoe in 

Disease, especially of the Lungs. Crown 8vo. cloth, 3s. 



0'mtm^0f000i00immm»^i00mm 



DR. BARLONA^. 

A MANUAL OF THE PRACTICE OF MEDICINE. Second 

Edition. Fcap. 8to. cloth, 12s. 6d, 



tfVW«MWtftflMMWA««tfMSW 



DR BARNES 

THE PHYSI0L06Y AND TREATMENT OF PLACENTA 

PR.£VIA; being the Lettsomian Lectures on Midwifery for 1857. Post Svo. doth, 6f. 



<«AAA^AMAffSMMp«w«MV 



MR. BAR>A^ELU F.R.C.S. 

A TREATISE ON DISEASES OF THE JOINTS. With Engrav- 

ings. Svo. cloth, 12s. 

ON THE CURE OF CLUBFOOT WITHOUT CÜTTING 

TEN DONS, and on certain new Methods of Treating other Deformities^ With 
Engravings. Fcap. 8vo. cloth, 3s. 6d. 

DR. BASCOME. I 

A HISTORY OF EPIDFJUIC PESTILENCES, FEOM THE i 

EARLIEST AOES. Bto. cloth, 8«. t 

1— 9«>i 





f 



i 



MESSRS. CHURCHILL & SONs' PÜBLICATIONS. 

DR. BASHAM. 

ON DROPSY, CONNECTED WITH DISEASE OF THE 

EIDNETS (MORBUS BRIGHTII), aod on some other Diseases of those Oi^^s, 
associated with Albuminous and Parulent Urine. Illustrated by numerous Dnwings 
from the Micioacope. Second Edition. 8vo. doUu 9s. 




«W««l*tfktfM«««l«l«MMIiMMMI* 



MR. H. F. BAXTER, M.R.C.8.L. 

ON ÜE6ANIC POLARIIT ; showing a Connexion to exist between 

Organic Forces and Ordinary Polar Forces. Crown 8vo. doth, 5f. 



m0i^^0>m0i0im0m0i00mmmm00 



MR. BATEMAN. 

MAGNACOPIA : A Practical Library of Profitable Knowledge, cominn- 

nicating the general Minatiae of Chemical and Pharmaceatic Routine, together with the 
generality of Secret Form« of Preparations. Third Edition. l8mo. 6«. 



MMMt^MWMMIiMWVMMWMtfl« 



MR. LIONEL J. BEALE, M.R.O.8. 

TEE LAWS OF HEALTH IN THEIß REUTIONS TO MIND 

AND BODY. A Series of Letters from an Old Practitioner to a Patient Post Bto. 
cloth, 7t. 6ä, II. 

HEAMH AND DISEASE, IN CONNECTION WITH THE 

GENERAL PRINCIPLES OF HYGIENE. Fcap. 8to., 2«. M. 

DR. BEALE, F.R.8. 

URINE, URINARY DEPOSITS. AND CALCULI : and on the 

Treatment of Urinary Diseases. Numerous Engravings. Second Edition, much Enlaiged. 
Post 8vo. cloth, ^ßd, II 

HOW TO WORK WITH THE MICROSCOPK lUnstnited Ediüon. 

Crown Sto. cloth, 5«. Od, ni. 

THE MICROSCOPE, IN ITS APPLICATION TO PRACTICAL 

MEDICINE. With a Coloured Plate, and 270 WoodcuU. Second Edition. Sto- 
cloth, 14«. IV. 

ILLUSTRATIONS OF THE SALTS OF URINE, URINARY 

DEPOSITS, and CALCULI. 37 Plates, containing upwards of 170 Figutes copied 
from Nature, with descriptive Letterpress. Svo. cloth, 9t. 6d, 

MR. BEA8LEY. 

I. 

THE BOOK OF PRESCRIPTIONS ; containing 3000 Prescriptions. 

CoUected from the Practice of the most eminent Physidanf and Suigeoni, English 
and Foreign. Second Edition. 18mo. cloth, 6«. 

THE DRUGGIST'S GENERAL RECEIPT-BOOK: comprising a 

copious Veterinary Formulary and Table of Veterinary Materia Medica ; Patent and 
Proprietary Medicines, Druggists* Nostrums, &c. ; Perfrunery, Skin Cosmetics, Hair 
Cosmetics, and Teeth Cosmetics ; Beverages, Dietetic Articles, and Condiments ; Trade 
Chemicals, Miscellaneous Preparations and Compounds used in the Arts, &c.; with 
nseful Memoranda and Tables. Fifth Edition. 18mo. cloth, 6«. 

III. 

THE POCKET FORMULAKY AND SYNOPSIS OF THE 

BRITISH AND FOREIGN PHARMACOPCEIAS; comprising Standard and 
approTed Formulse for the Preparations and Compounds employed in Medical Practice. 
Seventh Edition, corrected and enlarged. l8mo. cloth, 6t, . 




MESS&8. CHURCHILL A SONS^ PÜBLICATIONS. 



DR. HENRY BENNET. 

A PRACTICAL TREATISe'*ON INFLAMMATION AND 

OTHER DISEASES OF THE UTERUS. Fonrth Edition, reTiaed, with Additkau. 
8to. cloth, 16«. n. 

A REVIEW OF THE PRESENT STATE OF UTERDfE 

PATHOLOGY. 8vo. doth, 4». . 

ni. 

NUTßlTION IN HEALTH AND DISEASE Poet Syo. doth, 5.. 
MENTONE, THE EIVIERA, COBSICA, AND BLARRTTZ, AS 

WINTER CLIMATES. Second Edition. Poat 8to. doth, 61: 



»•»»i»0»» » m 



PROFESSOR BENTLEY. PJ..8. 

A MANUAL OF BOTANT. With nearly 1,200 Engravinga on Wood. 

Fc^». 8fa cloth, 12«. 6d, 



«KWWWWOWWOlOWWW X WW»«! 



MR. HENRY HEATHER BIQQ. 

THE MECHANICAL APPLIANCES NECESSART FOß THE 

TREATMENT OF DEFORMITIES. 

PABT I. — ^The Lower Limbs. Post Bto. doth, 4«. 

Pabt IL— The Spine and Upper Eztremitie«. Pott 8m doth, 4c 6dL 

AETIFICIAL LIMBS ; THEIr""CONSTRüCTION AND APPU- 

CATION. With Engravings on Wood. 8to. doth, S«. 



m0»ßßhW*00t^nm0tA0^*^^^0^ 



DR. BILLINQ, FJR.a. 

ON DISEASES OF THE LUNGS AND HEAET. 8to. doth, &. 

DR. S. B. BIROH, M.O. 

GONSTIPATED BOWELS : the Vanons Caoses and the Baüonal Means 

of Cure. Post 8to. doth, 2«. 6d. 



^t0m00m0m00m000i0it»m0i00 



DR. QOLDING BIRD, F.R.S. 

URINARY DEPOSITS; THEIR DIAGNOSIS, PATHOLOGY, 

AND THERAPEUTICAL INDICATIONS. With Engravings. Fifth Edition. 
Edited by E. Lloyd Bi&kstt, M.D. Post 8to. doth, 10«. ßd. 

ELEMENTS OF NATURAL PHILOSOPH!; being an Experimental 

Introduction to the Study of the Physical Sdences. With numerons Engiarings. FifUi 
Edition. Edited by Chablss Bbookb, M.B. Cantab., F.R.S. Fcap. Bto. doth, 
12«. 6d. 



%0^^0^^AMt^^0vt0kiy^mtk^fmm 



MR. BISHOP, F.R.S. 

ON DEFORMITIES OF THE HUMAN BODY, thdr Pathdogy 

4 and Treatment With Engravings on Wood. Svo. doth, 10«. 

i ON ARTICULATE SOUNDS, AND ON THE CAUSES AND 

K CURE OF IMPEDIMENTS OF SPEECH. 8to. dotli, 4«. 
3^ißt^^ l^-9«J 



f 



i 



MESSRS. CHUBCHILL A SONS' PÜBLICATIONS. 



MR. P. HINCKE8 BIRD, F.R.O^. 

PRACTICAL TEEATISE ON THE DISEASES OF CHILDREN 

AND INFANTS AT THE BREAST. Tranilated from the French of M. Boucbut, 
with Notes and Addition«. 8yo. cloth. 20s. 




m09mmß0mm00mmmmmm0mm 



MR. ROBERT HOWARTH BLAKE, M.R.O.8.L. 

ON DISEASES OF THE SEIN IN OHILDEEN. From the French 

of Caillavlt. Second Edition, mach enlarged. Post 8to. cloth» 8t. 6d, 



DR. BLAKISTON, F.R.8. 

PRACTICAL OBSEEVATIONS ON CEETAIN DISEASES OF 

TUE CHEST; and on the Principles of Auscoltation. 8yo. cloth, 12s. 



0m0i0m0mmtm0^0m0^^^00 



MR. JOHN E. BO>A^MAN, Sc MR. C. L. BLOXAM. 

I. 

PRACTICAL CHEMISTRY, incladkig Analysis. With numerous lUus- 

tiations on Wood. Foorth Edition. Foolscap 8to. cloth, 6s. 6d. 

II. 

MEDICAL CHEMISTRY ; with lUustrations on Wood. Fourth Edition, 

carefully evised. Fcap. 8to. cloth, 6s. 6d, 



«•WMMWMIMOTtMl 



DR. JAMES BRIQHT. 

ON DISEASES OF THE HEART, LUNGS, & AIR PASSAGES; 

with a Review of the several Climates recommended in these Affections. Third Edi- 
tion. Post 8yo. cloth, 9t, »»».■.»»■...»■■... w 

DR. BRINTON. 

THE DISEASES OF THE STOMACH, with an Introduction on its 
Anatomj and Physiology; beiog Lectures deÜTcred at St Thomas^s Hospital. Poet 8to. 
cloth, 10s. 6d. 

THE SYMPTOMS. PATHOLOGT, AND TREATMENT OF 

ULCER OF THE STOMACH. Post 8to. cloth, 5t. 



^0tm^^^m^00^^^w^n^^^^^0^ 



MR. BERNARD E. BRODHUR8T, F.R.O.8. 

ON UTERAL CTJRVATÜRE OF THE SPINE: it» Pathoiogy and 

Treatment. Post 8yo. cloth, with Plates, 3s. 

ON THE NATURE AND TREATMENT OF CLÜBFOOT AND 

ANALOGOUS DISTORTIONS involving the TIBIO-TARSAL ARTICULATION. 
With Engravings on Wood. Svo. cloth, 4s. 6d, 

• IIL 

PRACTICAL OBSERVATIONS ON THE DISEASES OF THE 

JOINTS INVOLVING ANCHYLOSIS, and on the TREATMENT fbr the 
RESTORATION of MOTION. Third Edition, much enkrged, 8yo. cloth, 4s. 6d, 



»w«w»v«»»*w<>»»»»»«<»»«» 



MR. THOMAS BRYANT, F.R.O.S. 

ON THE DISEASES AND INJURIES OF THE JOINTS 

CLINICAL AND PATHOLOOICAL OBSERVATIONS. Post «yo. cloth, 7s. W. 

II. 

THE SURGICAL DISEASES OF CHILDREN. The Lettsomian 

Lectures, deliyered March, 1863. Poet 8yo. cloth, 5s. 




<•«— * >^^»^ 



MESSRS. CHURCHILL * SONS* PUBLICATIONS, 



DR BRYOE 

ENGLAND AND FRANCE BEFORE SEBASTOPOL, looked «t 

from a Medical Point of View. Svo. doth, 6s. 



? 



«WWMM«k«ltfMWA«l*««M«Wik# 



DR. BUDD. P.R.8. 

ON DISEASES OF THE LIVER 

lUnstrated with Coloured Plates and Engravings on Wood. Third Edition. 8to. dotli, 16«. 

ON THE ORGANIC DISEASES AND FÜNCTIONAL DIS- 

ORDERS OF THE STOMACH. 8to. doth, 9«. 

DR. JOHN CHARLES BUCKNILL, Sc DR. DANIEL H. TUKE. 

A MANUAL OF PSYCHOLOGICAL MEDICINE: contabiDg 

the Historj, Nosology, Description, Statistics, Diagnoda, Pathologe, and Treatment ol 
Insanity. Second Edition. 8to. cloth, 15«. 

MR. CALLENDER, F.R.O.8. 

FEMORAL EÜPTURE: Anatomj of the Parts concemed. Wlth Rates. 

8vo. cloth, 4s. 

DR. JOHN M. OAMPLIN, F.L.8. 

ON DIABETES, AND ITS SUCCESSFÜL TREATMENT. 

Second Edition. Fcap. 8to. cloth, 3s. 6d, 



^M^^^^^^^^0^»0^ttA0^0t0^fiM0^ 



J 



\ 



MR. ROBERT B. CARTER. M.R.O.8. 

ON THE INFLUENCE OF EDUCATION AND TRAINING 

IN PREVENTING DISEASES OF THE NERVOUS SYSTEM. Fcap. 8m, 6$. 

THE PATHOLOGY AND TREATMENT OF HTSTERLA. P«t 

Byo. cloth, 4s. 6d, ,^.>^.w>.^..>^ 

DR. OARPENTER, P.R.S. 

PRINCIPLES OF HUMAN PHTSIOLOGY. With nnmerous Dlus- 

trations on Steel and Wood. Fifth Edition. 8to. cloth, 26s. 

PRINCIPLES OF COMPARATIVE PHTSIOLOGY. niostnued 

with 800 Engrayings on Wood.. Fonrth Edition. 8yo. cloth, 24s. 

IIL 

A MANUAL OF PHYSIOLOGY. With Domeroas ninstrations on 

Steel and Wood. Third Edition. Fcap. 8to. cloth, 12(. 6d, 

THE MICROSCOPE AND ITS REVELATIONS. With nume- 

rout EngravingB on Steel and Wood. Third Edition. Fcap. 8to. doth, 12s. Cd. 

DR. CHAMBERS. 

I. 

THE RENEWAL OF LIFE. CUnical Lectores iDustrative of a Resto- 

ratiTe System of Medicine. Second Edition. Post Sro, doth, 6s. 6d, 

DIGESTION AND ITS DERANGEMENTS. Post 8to. doth, lo«. 6d. 

DR. CHANCE, M.B. f 

\ VIRCHOW'S CELLULAR PATHOLOGY, AS BASED UPON 1 

m PHYSIOLOGICAL AND PATHOLOGICAL HISTOLOGY. With 144 EnjmiT- i 

^ ings on Wood. 8vo. cloth, 16s. Ä 

i--^ 




i 



T 




MESSRS. CHURCHILL & SONS* PÜBLICATIONS. 



MR. H. T. CHAPMAN, F.R.C.8. 

THE TREATMENT OF OBSTINATE ULCEßS AND CUTA- 

NEOUS ERUPTIONS OF THE LEG WITHOUT CONFINEMENT. Third 
Edition. Post 8to. cloth, 3«. 6d, 

IL 

VARICOSE VEINS : their Nature, Ck)n8equences, and Treatment, Pallia- 

tiye and CuratiTe. Post 8yo. cloth, S«. 6d, 



^0^0^0^0^^^^^^^0m^^^0^90yt^ 



MR. PYE HENRY CHAVA88E, F.R.C.S. 

ADVICE TO A MOTHER ON THE MANAGEMENT OF 

HER OFFSPRING. Sizth EdiUon. FoolKap Sto, 2>. 6d. 

ADVICE TO A WIFE ON THE MANAGEMENT OF HER 

OWN HEALTH. With an Introdactorj Chapter, espedally addressed to a Young 
Wife. FiM Edition. Fcap. 8to., 2«. 6d, 



*«aWWiM««l«i«««MMM«MWMI 



MR. LE QR08 OLARK, F.R.C.8. 

OUTLINES OF SURGERY ; being an Epltome of the Lectures on the 
Principles and the Practice of Soi^gerj, delivered at St Thomas^s Hospital Fcap. Byo. 

CJOul, OS» «wwm>a«M«M»<t>nM««<«. 

MR. JOHN CLAV, Mi%.C.8. 

KI WISCH ON DISEASES OF THE OVARIES: TransUted. by 

permission, from the last German Edition of his Clinical Lectores on the Special Patho- 
logy and Treatment of the Diseases of Women. With Notes, and an Appendix on the 
Operation of Ovariotomy. Royal 12mo. cloth, 16s. 



0i0t*mm0m0m^0>mmmm00>0mm 



DR. CONOLLY. 

THE CONSTRUCTION AND GOVERNMENT OF LUNATIC 

ASTLUMS AND HOSPITALS FOR THE INSANE. With Plan«. PortSTo. 

MR. OOOLEY. 

COMPREHENSIVE SUPPLEMENT TO THE PHARHACOPCEIAS. 

THE CTCLOPiEDIA OF PRACTICA! RECEIPTS, AND COL- 

LATERAL INFORMATION IN THE ARTS, PROFESSIONS, MANU- 
FACTURES, AND TRADES, INCLUDING MEDICINE, PHARlilACY, AND 
DOMESTIC ECONOMY ; designed as a Compendious Book of Reference for the 
Maniifacturer, Tradesman, Amateur, and Heads of Families. Third and greatly 
enlarged Edition, Svo. cloth, 26«. 

8IR A8TLEY COOPER, BART., F.R.8. 

ON THE STRUCTÜRE AND DISEASES OF THE TESTIS. 

With 24 Plates. Second Edition. Royal 4to., 20«. 



MR. >A^. >A^HITE OCOPER. 

ON WOUNDS AND INJURIES OF THE EYE Diustrated by 

17 Coloored Figores and 41 Woodcuts. Svo. cloth, 12«. 

f ON NEAR SIGHT, AGED "siGHT, IMPAIRED YISION, [ 

jr AND THE MEANS OF ASSISTING SIGHT. With 31 IlIuBtiations on Wood. ^ 

fil Second Edition. Fcap. 8to. cloth, 7s. 6d, m 

0ß<ß*^^ ^^M^ 



r: 



10 MESS&8. CHURCHILL & SONS PÜBLICATIONS. 



MR. O O O P E R. 

A DICTIONAEY OF PRACTICAL SÜRGEßY AND ENCYCLO- 

PiEDIA OF SURGICAL SCIENCE. New Edition, brooght down to the preMst 
time. Bj Saxihbl A. Laitb, F.R.C.S., auisted bj yarioas eminent Sntgeooa. VoL I., 
8yo. cloth, £1. 5«. 



i 



«VtfMfMMMAMMMMWM««» 



MR. HOLMES COOTE, F.R.O.8. 

A REPORT ON SOME IMPORTANT POINTS IN THE 

TREATMENT OF SYPHILIS. 8vo. cloth, 5$. 



DR. OOTTON. 

ON CONSUMPTION : Its Nature, Symptoms, and Treatment. To 

which Essay was awarded the Fothergillian Gold Medal of the Medical Society of 
London. Second Edition. 8vo. cloth, Bs. 

PHTHISIS AND THE STETHOSCOPE; Oß, TEE PHYSICAL 

SIONS OF CONSUMPTION. Second Ediüon. Foolscap 8to. cloth, 3t. 

MR. 00UL80N. 

ON DISEASES OF THE BLADDEE AND PEOSTATE GLAND. f 

The Fifth Edition, rerised and enlaiged. 8vo. doth, lOs, 6d, 

ON LITHOTßlTT AND LITHOTOMY; with EngravingB on Wood. 

8yo. cloth, 8«. 



«vwwamwawwtfwwwwM* 



MR. >A^ILLIAM CRAIQ, L.F.P.8., QLA8QO>A^. 

ON THE INFLUENCE OF VARIATIONS OF ELECTRIC 

TENSION AS THE REMOTE CAUSE OF EPIDEMIC AND OTHER 
DISEASES. 8yo. cloth, 10«. 
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MR. CURLINQ, F.R.8. 

OBSERYATIONS ON DISEASES OF THE EECTÜM. Third 

£dition. 8?o. cloth, 7«. 6d, u 

A PRACTICAL TREATISE ON ' DISEASES OF THE TESTIS, 

SPERMATIC CORD, AND SCROTUM. Second Edition, with Addisons. 8to. 
cloth, 14«. 
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DR. DALRYMPLE, M.D. LOND., F.R.C.8. 

THE CLIMATE OF EGYPT : METE0R0L06ICAL AND MEDI- 

CAL OBSERYATIONS, with Practiciil Hints for InTaUd TraveUen. Port Sto. cloth, 4«. 
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MR. JOHN DALRYMPLE, FJi.8, F.R.O.S. 

PATH0L06Y OF THE HUMAN EYE. Complete in Nine FascicuU: 

imperial 4to., 20«. each; half-bonnd morocco, gilt tops, 91, 15«. 



DR. D A VE Y 

I. 



;; THE GANGLIONIC NERYOUS SYSTEM: its Strnctore, Functions, ö 

T and Diseases. 8vo. cloth, 9«. n. T 

ON THE NATURE AND PROXIMATE CAUSE OF IN- i 

SANITY. Port 8to. cloth, 3(. A 
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DR. HERBERT DAVIE8. 

ON THE PHTSICÄL DIAGNOSIS OF DISEASES OF THE 

LUNGS AND HEART. Second Edition. Poit 8to. doth, 8«. 
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DR. HALL DAVIS. 

ILLUSTßATIONS OF DIFFICULT PAETUßlTION. Post Svo. 

cloth, 6«. 6d. 
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MR. DIXON. 

A GUIDE TO THE PEACTICAL STUDY OF DISEASES OF 

THE EYE. Second Edition. Post 8to. cloth, 9«. 



DR. DOBELL. 

DEMONSTRATIONS OF DISEASES IN THE CHEST, AND 

THEIR PHYSICAL DIAONOSIS. With Colound Platei. 8to. dotb, 12«. 6d. 

LECTUEES ON THE GERMS AND YESTIGES OF DISEASE, 

and on the Prevention of the Invasion and Fatality of Disease by Periodical Examinations. 
8to. doth, 6«. 6d, 

DR. TOOQOOD DOA^NINQ. 

NEUEÄLGIA: its varlous Forma, Pathology, and Treatment. The 
jAOKSONiAir P&izB EssAT FOB 1850. 8vo. cloth, 10«. 6d. 
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DR. DRUITT, F.R.O.8. 

THE SURGEON'S YADE-MECÜM; with numerous Engravings on 

Wood. Eighth Edition. Foolscap 8yo. cloth, I2«.6d. 
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MR. DÜNN, F.R.C.8. 

AN ESSAY ON PHYSIOLOGICAL PSYCHOLOGY. 8To.cioth,4.. 
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SIR JAMES EYRE, M.D. 

THE STOMACH AND ITS DIFFICULTIES. Fifth Edition. 

Fcap. 8yo. cloth, 2«. 6d. u 

PEACTICAL REMAEKS ON ' SOME EXHAUSTING DIS- 

EASES. Second Edition. Post 8yo. cloth, 4«. 6d. 



DR. FENNA^ICK. 

ON SCEOFTJLA AND CONSUMPTION. Clei^yman's Sore Throat, 

Catarrh, Croup, Bronchitis, Asthma. Fcap. 8vo., 2s, 6d, 
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MR. FERGUSSON, F.R.8. 

A SYSTEM OF PRACTICA! SÜRGERY; with nnmeroos IUm- 

trations on Wood. Fonrth Edition. Fcap. 8vo. cloth, 12«. 6d, 

fMR. FLOA^ER, F.R.03. 
DIAGRAMS OF THE NERVES OF THE HUMAN BODY, 

ezhibiting their Origin, Dirisions, and Connexions, with their Distribntion to the Tarions 
Regions of the Cataneoos Sorfiice, and to all the Masdes. Folio, oontaining Siz 
PliUet,14f. 
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SIR JOHN FORBE8, M.D., D.O.L. (OXON.), F.R^. 

NATTJBE AND ART IN THE CURE OF DISEASE Second 

Editioxu Post 8yo. cloth, 6«. 
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MR. FO>A^NE8. PH.D.. FR. 8. 

A MANUAL OE CHEMISTRY; with 187 mustrations on Wood. 

Ninth Edition. Fcap. 8to. clotb, 12«. 6d. 
Edited by H. Behoi Johbs, M.D., F.R.S., and A. W. HoniAHir, Ph.D., F.R.S. 

CHEMISTRY. AS EXEMPLIFYING THE WISDOM AND 

BENEFICENCE OF GOD. Second Edition. Fcap. 8to. doth, U. 6d. 

III. 

INTRODUCTION TO QUALITATIVE ANALTSIS. Po8t8To.cioth,2,. 
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DR. D. J. T. FRANOI8. 

CHAN6E OF CLIMATE ; considered as a Remedy in Dyspeptic, Pul- 

monary, and other Chronic Affections; with an Account of the most Eligible Places of 
Retidence for Invalid«, at di£ferent Seaäont of the Year; and an Appendix on the Mineral 
Springs of the Pyrenees, Vichy, and Aiz les Bains. Post Byo. doth, 8«. 6d, 
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MR. F. J. QANT. 



MR. J. Q. FRENCH, F.R.C.8. 

THE NATUEE OF CHOLEEA INVESTIGATED. Second t 

Edition. 8vo. cloth, 4t, ■■«...■.«.■«.«..«.*— ♦ 

O. REMIQIU8 FRESENIUS. 

ELEMENTAEY INSTEUCTION IN CHEMICAL ANALTSIS, 

Edited by Lloyd Bullock, F.CS. 

Qualitative. Fifth Edition. 8yo. cloth, 9s. 
Quantitative. Third Edition. 8vo. cloth, 16s. 

DR. FÜLLER. 

ON DISEASES OF THE CHEST, indading Diseases of the Heart 

and Great Vessehu With Engravings. 8vo. cloth, 12«. 6d, 

ON DISEASES OF THE HEAET AND 6EEAT YESSELS. 

8yo. cloth, 7«. 6ä, iil. 

ON EHEÜMATISM, EHEUMATIC GOUT, AND SCIATICA: 

their Pathology, Symptoms, and Treatment. Third Edition. 8yo. doth, 12«. Sä, 
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DR. QAIRDNER. 

ON GOUT ; its History, its Causes, and its Cnre. Fourth Edition. Post 

8vo. doth, 8*. 6d. ....,..»■... 

MR. QALLONA^AY. 

THE FIRST STEP IN CHEMISTRY. Third Edition. Fcap. 8vo. 

cloth, 5«. IL 

A MANUAL OF QUALITATIVE ANALTSIS. Third Edition. 

Post 8yo. doth, 5«. lu. 

CHEMICAL TABLES. On Five Large Sheets, for School and Lecture 

Rooms. Second Edition. 4«. 6d. ^ 



THE lEEITABLE BUDDEE : its Causes and Corative Treatment i 

Post 8yo. cloth, 4« 6d. ■ 
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DR. QIBB. M.R.O.P. 

ON DISEASES OF THE THßOAT, EPIGLOHIS, AND 

WINDPIPE. Post 8yo. cloth, 5«. 

MRS. QOOFR£Y. 

ON THE NATÜRE, PREVENTION. TßEATMENT, AND CUEE 

OF SPINAL CURVATURES and DEFORMITIES of the CHEST and LIMBS, 
without ARTIFICIAL SUPPORTS or any MECHANICAL APPLLVNCES. 
Third Edition, ReTiaed and Enlarged. 8to. cloth, 5f. 
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DR. QOROON, M.D., C.B. 

CHINA, FROM A MEDICAL POINT OF VIEW, IN 1860 

AND 1861 ; With a Chapter on Nagasaki aa a Sanatarium. With Plans. 8vo. cloth, 

DR. ORANVILLE, F.R.S. 

THE MINERAT. SPRINGS OF VICHY : their Efficacy in the 

Treatment of Gout, Indigestion, Grayel, &c. 8yo. cloth, Bs, 

ON SüDDEN DEATH. Post 8vo., 2*. 6rf. 
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DR. QRAVE8, M.D., F.R.S. 

_ STUDIES IN PHYSIOLOGT AND MEDICINE. Edited by 

# Dr. Stokes. With Portrait and Memoir. 8vo. cloth, 14«. 

MR. QRAY, M.R.O.8. 

PKESEßVATION OE THE TEETH indispensable to Comfort and 

Appeannce, Health, and Longevity. 1 8mo. cloth, 3«. 

MR. QRIFFITH8. 

. CHEMISTRY OF THE FOUß SEASONS- Spring. Snmmer, 

• Aattimn, Winter. lUastrated with Engravings on Wood. Second Edition. Foolacap 

OR. GULLY. 

THE SIMPLE TREATMENT OF DISEASE; dednced from the 

Methods of Ezpectancy and Revulsion. 18mo. cloth, 4». 
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HOOPER'S PHTSICIAN'S °VAD&MECTJM ; OR, MANUAL OF 

THE PRINCIPLES AND PRACTICE OF PH YSIC. New Edition, considerably 
enlaiged, and rewritten. Foolscap 8yo. cloth, 12«. 6cf. 
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GUY'S HOSPITAL REPORTS. Third Series. Vote. I. to IX., Svo., 

7«. 6d. each. 
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DR. HABER8HON. F.R.O.P. 

PATH0L06ICAL AND PRACTICAL OBSERVATIONS ON 

DISEASES OF THE ABDOMEN, compriiing those of the Stomach and other Parts 
of the Alimentary Canal, CEsophagus, Stomach, Csecum, Intestines, and Peritoneum. 
Second Edition, with Plates. 8vo. doth, 14«: 

ON THE INJURIOÜS EFFECTS OF MERCURY IN THE 

TREATMENT OF DISEASE. Post 8to. cloth, 8*. M. 
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DR. O. RADCLYFFE HALL. 

TORQUAY IN ITS MEDICAL ASPECT AS A RESORT FOR 

PULMONARY INVALIDS. Poit 8to. cloth, &. 
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MR. HARE, F.R.O.8. 

PRACTICAL OBSERVATIONS ON THE PREVENTION, 

CAUSES, AND TREATMENT OF CURVATURES OF THE SPINE ; witk 
Engravinga. Third Edition. 8yo. cloth, 6s. 
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DR. A. H. HASSALL. 

THE UEINE, IN HEALTH AND DISEASE ; being an Ex- 

planation of the Composition of the Urine, and of the Pathology and Treatment of 
Urinary and Renal Disorden. Second Edition. With 79 Engnvings (23 Colonred). 
Post 8yo. cloth, 12«. 6d, 

THE MICROSCOPIC ANATOM! OF THE HUMAN BODY. 

IN HEALTH AND DISEASE. lUoBtiated with Several Hondred Diawing« in 
Coloor. Two toIb. 8vo. cloth, £1. 10s. 
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MR. ALFRED HAVILAND, M.R.C.8. 

CLIMATE, WEATHEE, AND DISEASE ; being a Sketch of the 

Opinions of the most celebrated Ancient and Modem Writen with regard to the Inflaence 
of Climate and Weather in prodncing Disease. With Foor colonred EngiaTings. 8yo. 
cloth, 7s. 
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ON THE ACTION OF MEDIOINES IN THE SYSTEM. 

Being the Prize Essay to which the Medical Society of London 
gilUan Gold Medal for 1852. Third Edition. 8to. cloth, 12s. 6d. 
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J DR. MARSHALL HALL. F.R.8. J 

PRONE AND POSTURAL RESPIRATION IN DROWNING 

AND OTHER FORMS OF APNCEA OR SUSPENDED RESPIRATION. 
Post 8vo. cloth. 6s. IL 

PRACTICAL OBSERVATIONS AND SUGGESTIONS IN MEDI- 

CINE. 2trOttil SMn. Poit 8to. doth, 8«. 6d. 

MR. HARDWIOH. 

A MANUAL OF PHOTOGRAPHIC CHEMISTRY. sinh 

Edition. Foolscap 8to. cloth, 7s. 6d, 
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DR. J. BO>A^ER HARRI 80N, M.D., M.R.C.P. 

LEHERS TO A YOUNG PRACTITIONER ON THE DIS- 
EASES OF CHILDREN. Foobcap 8to. dotli, St. 

ON THE CONTAMINATION OF WATER BY THE POISON 

OF LEAD, and itf Effects on the Human Body. Foolscap 8to. cloth, 3s. 6d. 

DR. HARTWIQ. 

: ON SEA BATHING AND SEA AIR. Second Edition, Fcap. . 

I 8T0.y 2s. ed. i 

ON THE PHYSICAL EDUCATION OF CHILDREN. Fc«p. 

8vo., 2s. 6d. 
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DR. HEALE. 

A TREATISE ON THE PHYSIOLOGICAL ANATOMY OF 

THE LUNOS. With EognvingL 8to. cloth, 8«. 

A TREATISE ON VITAL CAUSES. 8To.doth,9*. 
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MR. OHRI8TOPHER HEATH, F.R.O.8. 

A MANUAL OF MINOR SüßGERY AND BANDAGING, FOR 

THE USE OF HOUSE-SURGEONS, DRESSERS, AND JUNIOR PRAC- 
TITIONERS. With lUastratioiiB. Second Edition. Fcap. 8yo. cloth, 5t. 
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MR. HIQQINBOTTOM, F.R3., F.R.0.8.e. 

AN ESSAY ON THE USE OF THE NITRATE OF SILVER 

IN THE CURE OF INFLAMMATION, WOUNDS, AND ULCERS. Second 
Edition. Price 5f. jj 

ADDITIONAL OBSEEVATIONS ON THE NITRATE OF SIL- 

VER; with fall Directions for itf Use as a Thenpeatic Agent 8to., 2s, 6d, 

THE HARMONIES OF PHYSICAL^SCIENCE IN RELATION 

TO THE HIGHER SENTIMENTS; with ObMryations on Medical Stadiet, and on 
the Moral and Scientific Relation« of Medical Life. Post 8yo., cloth, 45. 
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MR. J. A. HINQESTON, M.R.C.8. 

TOPICS OF THE DAT, MEDICAL. SOCUL, AND SCIENTIFIC. 

Crown 8to. cloth, 7t, 6d, %»,»>>%.«>.>...<>»«». 

DR. DECIMU8 HODQSON. 

THE PROSTATE GLAND, AND ITS ENLARGEMENT IN 

OLD AGE. With 12 Plates. Royal Bto., doth, 6«. 
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MR. JABEZ HOQQ. 

A MANUAL OF OPHTHALMOSCOPIC SURGERT ; being a 

Practical TreatiBe on the Use of the Opthalmoscope in Diseases of the Eye. Third 
Edition. With Coloured Plates. Bva cloth, 10«. 6d, 



»»^^w»<»»»<<w»^»^^<»w*w»v»<w» 



MR. LUTHER HOLDEN, FR.0.8. 
L 

HUMAN OSTEOLOGY : with Plates, showing the Attachments of the 

Muscles. Third Edition. 8to. cloth, 16«. 

A MANUAL OF THE DISSEcflON OF THE HUMAN BODT. 

With Engravings on Wood. Second Edition. Bvo. cloth, 16«. 

MR. BARNARD HOLT, F.R.O.8. 

ON THE IMMEDUTE TREATMENT OF STRICTURE OF 

THE URETHRA. Second Edition, Enlaiged. 8to. cloth. Sc 



MR. O. HOLTHOU8E. 
I. 



ON SQUINTING, PARALTTIC AFFECTIONS OF THE ETE, 

and CERTAIN FORMS OF IMPAIRED VISION. Fcap. 8to. doth, 4*. 6ii. f 



LECTURES ON STRABISMUS, deUvered at the Westminster Hospital, k 

8to. doth, 4«. K 
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DR. V^. OHARLE8 HOOD. 

* SUGGESTIONS FOR THE FUTURE PROVISION OF CRIMI- 

NAL LUNATICS. 8yo. cloth, 6«. 6rf. 



MR. P. HOOD. 

THE SUCCESSFUL TREATMENT OF SCARLET FEVER; 

also, OBSERVATIONS ON THE PATHOLOGY AND TREATMENT OF 
CROWING IN8PIRATI0NS OF INFANTS. Post 8vo. doth, 5* 

MR. JOHN HORSLEY. 

A CATECHISM OF CHEMICAL PHILOSOPHT ; being a Familiär 

Exposition of the Principles of Chemistry and Physics. With EngravingB on Wood. 
Designed for the Use of Schools and Private Teachers. Post 8vo. cloth, 6t. €d. 
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DR. HUFELANO. 

THE ART OF PB0IX)N6ING LIFE Second Edition. EdÜed 

by Erasmcjb Wilson, F.RS. Foolscap Bto., 2s, 6d, 



MR. >A^. OURTI8 HUQMAN, P.R.C.8. 

t ON HIP-JOINT DISEASE; with reference especially to Treatment J 

! by Mechanical Means fbr the Relief of Contiaction and Defonnity of the Affected TJmk { 

<A Bto. cloth, Sf. 6d, 

V* MR. HULKE, F.R.C3. 

?A PRACTICAL TREATISE ON THE USE OF THE 
OPHTHALMOSCOPE. Being the Jacksonian Prise Essay for 1859. Royal 8m 
cloth, 8». ^^ ^ 

X DR. HENRY HUNT. < 

ON HEARTBUEN AND INDIGESTION. 8vo.cioth,5.. 

MR. JONATHAN HUTCHINSON, F.R.C.8. 

A CLINICAL MEMOIR ON CERTAIN DISEASES OF THE 

EYE AND EAR, CONSEQUENT ON INHERITED SYPHILIS ; with an 
appended Chapter of Commentaries on the Transmission of Syphilis from Parent to 
Offispring, and its more remote Consequences. With Plates and Woodcnts, 8to. cloth, 9s. 

DR. INMAN, M.R.C.P. 

ON MYALGIA: ITS NATURe!" CAUSES, AND TREATMENT; 

being a Treatise on Painful and other Affections of the Moscular System. Second 
Edition. 8vo. cloth, 9$, ji 

FOUNDATION FOR A NEW' THEORY AND PRACTICE 

OF MEDICINE. Second Edition. Crown 8yo. cloth, lOs. 
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DR. ARTHUR JACOB, F.R.O.S. 

A TREATISE ON THE INFLAMMATIONS OF THE EYE-BALL. 

Foolscap 8yo. cloth, 5s. 

MR. J. H. JAMES, F.R.O.8. t 

PRACTICAL OBSERVATIONS ON THE OPERATIONS FOR 

STRANGULATED HERNIA. 8vo. cloth, 5s. 
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DR. PROSSER JAMES, M.D. 

SORE-THROAT: ITS NATURE, VARIETIES, AND TREAT- 

MENT ; inclading the Use of the LARYNGOSCOPE as an Aid to Diagnosis. Post 
8vo. cloth, 4«. ßiL 
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DR. HANDFIELD JONES. F.R.8., Sc DR. EDNA^ARD H. SIEVEKINQ. 

A MANUAL OF PATHOLOGICAL ANATOMY. lUtujtrated with 

numerouB Engravings on Wood. Foolscap 8to. cloth, 12«. 6d. 
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DR. JAMES JONES, M.D., M.R.C.P. 

ON THE USE OF PERCHLORIDE OF IRON AND OTHER 

CHALYBEATE SALTS IN THE TREATMENT OF CONSUMPTION. Crown 
8x0. doth, 3s, 6d, 
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THE WISDOM AND BENEFICENCE OF THE ALMIGHTY, 

AS DISPLAYED IN THE SENSE OF VISION; being the Actonian Prize Easay 
for 1851. With lUustrations on Steel and Wood. Foolscap 8yo. cloth, 4«. 6d. 

III. 
DEFECTS OF SIGHT : their Nature, Causes, Prevention, and General 

Management. Fcap. 8yo. 28, 6d, 

A CATECHISM OF THE MEDICINE AND SURGERY OF 

THE EYE AND EAR. For the Clinical Use of Hospital Students. Fcap. 8yo. 2$, 6d, 

A CATECHISM OF THE PHTSIOLOGY AND PHILOSOPH! 

OF BODY, SENSE, AND MIND. For Use in SchooU and Colleges. Fcap. 8to., 
2t, 6d, 

MR. FURNEAUX JORDAN, M.R.C.S. 

AN INTRODUCTION TO CLINICAL SUßGERY; WITH A 

Method of Investigating and Reporting Surgical Cases. Fcap. 8yo. cloth, St, 
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A PRACTICAL TREATISE ON URETHRITIS AND SYPHI- 

LIS : indnding Obsenrations on the Power of the Menstruoos Fluid, and of the Dis- 
charge from Lencorrhcca and Sores to produce Urethritis: with a yariety of Ezamples, 
Experiments, Remedies, and Cures. 8yo. cloth, £\, 5s, 



MR. >A^HARTON JONES, F.R.S. 

A MANUAL OF THE PRINCIPLES AND PRACTICE OF % 

OPHTHALMIC MEDICINE AND SURGERY; illustrated with Engrayings, piain ^ 
and coloured. Second Edition. Foolscap 8yo. cloth, 12s. 6d, 
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t DR. LAENNEC. X 

A MANUAL OF AUSCÜLTATION AND PERCUSSION. Trans- 

lated and Edited by J. B. Sharps, M.R.C.S. 3«. 
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DR. LANE, M.A. 

HYDEOPATHY; OR, HYGIENIC MEDICINE. An ExpUuuaoiy 

Essay. Second Edition. Post 8to. cloth, 5«. 
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MR. LAWRENCE, F.R.8. 

LECTUEES ON STJKGERY. 8vo. cioth, 16*. 

A TEEATISE ON RUPTURES. The Fifth Edition, conslderablj 

cnlarged. 8yo. cloth, 16s. 

MISS LE HARDY. 

THE HOME NUESE, AND MANUAL FOR THE SICK EOOM. 

Foolscap 8to. cloth, 6s. «■.■.—., 

DR. LEARED, M.R.O.P. 

l IMPERFECT DIGESTION: ITS CAUSES AND TßEATMENT. ,. 

Third Edition. Foolscap Bto. cloth, 4s. t 



DR. EDWIN LEE. 

THE EFFECT OF CLIMATE ON TUBERCULOUS DISEASE, 

with Notices of the chief Foreign Places of Winter Resort. Small 8vo. cloth, 4s. 6i. 

THE WATEEING PLACES OF ENGLAND, CONSIDERED i 

with Reference to their Medical Topograph y. Fourth Edition. Fcap. 8vo. cloth, 7s. 6J. j 

III. 

THE BATHS OF GERMANY. Fonrih Edition. Post 8vo. cloth, 7*. 

HOMCEOPATHY AND HYDROPATHY IMPARTIALLY AP- 

PRECIATED. With Notes illustrative of the Iniluence of the Mind over the Body. 
Fourth Edition. Post 8vo. cloth, 3«. ßd. 



MR. HENRY LEE, F.R.O.8. 

ON SYPHILIS. Second Edition. With Coloured Plates. 8vo. cloth, 10«. 

DR. ROBERT LEE, F.R.8. 

A TREATISE ON THE SPECÜLUM; with Three Hundred Ca«». 

8to. cloth, 4s. 6<f. II, 

CLINICAL REPORTS OF OVARIAN AND UTEEINE DIS- 

EASES, with Commentaries. Foolscap 8vo. cloth, 6s. Sd, 

III. I 

CLINICAL MIDWIFERY : comprising tho Histories of 545 Gases of ■ 

Difficult, Pretematural, and Coznplicated Labour, with Commentaries. Second Edition, f 
Foolscap 8vo. cloth, 5s. ly t 

i PRACTICAL OBSERVATIONS ' ON DISEASES OF THE 1 

9 UTERUS. With colouied PUtet. Two Parts. Imperial 4to., 7>. 6<f. «uJi Pwt O 
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* MR. LISTON, F.R.8. f 

PMCTICAL SUEGERY. Fourth EditioD. 8vo. cioth, 22*. 
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MR. H. W. LOBB, L.8J\.. M.R.C.8.E. 

ON SOME OF THE MORE OBSCTJRE FOMS OF NERVOUS 

AFFECTIONS, THEIR PATHOLOGY AND TREATMENT. Re-isaue, 
with the Chapter on Galyanism entirely Re-written. With Engrayrngs. 8vo. cloth, St. 
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LONDON MEDIOAL 800IETY OF OB8ERVATION. 

WHAT TO OBSEEVE AT THE BED-SIDE, AND AFTER 

DEATH. PubliBbed by Autbority. Second Edition. Foolscap 8to. clotb, 4f. 6d. 
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DR. MAOKENZIE, M.D.. M.R.O.P. 

THE PATHOLOGY AND TREATMENT OF PHLEGMASIA 

DOLENS, as deduced from Clinical and Pbysiological Researcbes. Being tbe Lettoomian 
Lectures on Midwifery, delivered before the Medical Society of London during the 
Session 1861-62. 8yo. cloth, 6«. 
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DR. QEORQE H. B. MAOLEOD, F.R.O.8. (EDIN.) 

NOTES ON THE SURGERY OF THE CRIMEAN WAR; with 

REMARKS on OUN-SHOT WOUNDS. Sto.cIoÜi, 10». 6d. 
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MR. J08EPH MAOLI8E, F.R.O.S. 
I. 

SUR6ICAL ANATOMT. A Serles of Dlssecüons, iUustrating the Prin- 
cipal Regions of the Human Body. 

The Second Edition, imperial folio, cloth, £3. I2s,; half-morocco, £4. 4«. 

ON DISLOCATIONS AND FRACTURES. Thk Work is Uniform 

witb the Author's ^ Sorgical Anatomy;** each Fasciculus contains Four beautifully 
ezecuted Lithographie Drawings. Imperial folio, doth, £2. 10«.; balf-morocco, £2. 17«. 
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DR. MONICOLL, M.R.O.P. 

HAND-BOOK FOR SOÜTHPORT, MEDICAL & GENERAL ; 

with Copious Notioes of the Natural History of the District. Second Edition. Post 8to. 
cloth, 3«. 6d. 
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MR. M'OLELLANO, P.L.8^ F.O.S. 

t THE MEDICAL TOPOGRAPHT, OR CLIMATE AND SOILS, f 

OF BENGAL AND THE N. W. PROVINCES. Post 8vo. cloth, As. 6d. 



DR. MAROET, F.RÄ. 

ON THE CüMPOSITION OF' FOOD, AND HOW IT IS 

ADULTERATED ; with Practical Directions for iu Analysis. 8vo.doth, 6t. 6d. 

I ON CHRONIC ALCOHOLIC INTOXICATION ; with an inquiry f 

INTO THE INFLUENCE OF THE ABUSE OF ALCOHOL AS A PRE- 



IINIU IHK IJNfLUÜWUK Vt THE ABUSE OF ALCOHOL AS A PRE- X 
DISPOSING CAUSE OF DISEASE. Second Edition, much enlaraed. FooIscsd ^ 
8vo. cloth, 4«. 6i. S 
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DR. MARKHAM. 

DISEASES OF THE HEART T THEIß PATHOLOGY, DIAG- 

NOSIS, AND TREATMENT. Second Edition. PoBt 8to. cloth, 6s. 

SKODA ON AUSCULTATIOn"'AND PERCUSSION. Poet 8m 

cloth, 6«. 

SIR RANALD MARTIN, K.C.B^ F.R.8. 

INFLUENCE OF TEOPICAL CLIMATES IN PEODUCING 

THE ACUTE ENDEMIC DISEASES OF EUROPEANS ; including Pnictical 
ObsenratioDB on their Chronic SequeliB under the Inflnence« of the Climate of Ennipe; 
Second Edition, much enlaiged. 8vo. doth, 20«. 

DR. MAS8Y 

ON THE EXAMINATION OF RECRUITS; intended for the Use of 

Young Medical Officen on Entering the Aimy. 8vo. cloüi, 5$. 



i 



MR. O. F. MAUNOER, F.R.C.8. 

* OPERATIVE SURGERY. With 158 Engravings. Post Svo. 6». 
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DR. MAYNE. 

AN EXPOSITOEY LEXICOn'oF THE TEEMS, ANCIENT 

AND MODERN, IN MEDICAL AND GENERAL SCIENCE, including a com- 
plete MEDICAL AND MEDICO-LEGAL VOCABULARY. Complete in lOParta, 
price 5«. each. The entire work, cloth, £2, 10«. 

II. 
A MEDICAL VOCABULAEY; or, an Explanation of all Name*, 

Sj-nonymes, Terms, and Phrases used in Medicine and the relative branches of Medical 
Science, intended spccially as a Book of Reference for the Young Student. Second 
Edition. Fcap. Svo. cloth, 8«. 6d, 

DR. MILLINQEN. 

ON THE TREATMENT AND MANAGEMENT OF THE IN- 

SANE; with Considerationg on Public and Private Lunatic ABylums. 18mo. doth, 
4«. 6d. 

DR. W. J. MOORE, M.D. 

HEALTH IN THE TROPICS;''or, Sanitaiy Art applied to Enropeaiu 

in India. 8vo. cloth, 9«. 

A MANUAL OF THE DISEASES OF INDLi. Fcap. 8yo. cloth, 5.. 

PROFESSOR MULDER, UTRECHT. 

THE CHEMISTEY OF WINK Edited by H. Bence Jones, M D., 

F.R.S. Fcap. 8vo. doth, 6s. 
! DR. NOBLE. 
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i THE HUMAN MIND IN ITS RELATIONS WITH THE i 

Ä BRAIN AND NERVOUS SYSTEM. Post 8to. cloth, U. 6d. Ä 
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MR. NUNNELEY, F.R.O.8.E. 

ON THE ORGANS OF YISION : their anatomy and phy- 

SIOLOG Y. With Plates, 8vo. cloth, 1 6». 

A TREATISE ON THE NATÜRE, CAÜSES, AND TREATMENT 

OF ERYSIPEL AS. 8vo. cloth, 10«. 6c/. 
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DR. O'REILLY 

THE PLACENTA, THE ORGANIC NERYOUS SYSTEM, 

THE BLOOD, THE OXYOEN, AND THE ANIMAL NERVOUS SYSTEM, 
PHYSIOLOOICALLY EXAMINED. With Engravings. 8vo. cloth, 5«. 
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MR. LANQSTON PARKER. 

THE MODERN TREATMENT OF SYPHILITIC DISEASES, 

both Priroary and Secondary; comprising the Treatment of Conatitutional and Confirmed 
Syphilis, by a safe and successful Method. Fourth Edition, Bvo. cloth, lOs, 



«MffIMPPMMMfMWWMWKMMMM» 



DR. PARKES, F.R.C.P. 

THE URINE: its composition in heax.th and Disease, 

AND UNDER THE ACTION OF REMEDIES. 8vo. cloth, 12j. 
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DR. PARKIN. M.D.. F.R.C.8. 

THE OAUSATION AND PREVENTION OF DISEASE; with 

the Laws regulating the Extrication of Malaria from the Sur&ce, and its Diffusion in the 
surrounding Air. 8vo. cloth, 5«. 
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MR. JAMES PART, F.R.O.8. 

THE MEDICAL AND SURGICAL POCKET GASE BOOK, 

for the Registration of important Cases in Private Practice, and to assist the Student of 
Hospital Practice. Second Edition. 2s, 6d, 
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DR. PAVY, M.D., F.R.O.P. 

RESEARCHES ON THE NATÜRE AND TREATMENT OF 

DIABETES. Sva cloth, 8*. 6d. 
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DR. THOMAS B. PEACOCK, M.D. 

ON THE INFLUENZA, OR EPIDEMIC CATARRHAL FEVER 

OF 1847-8. 8vo. cloth, 5>. 6<{. 
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DR. PEREIRA, F.R.S. 

SELECTA E PR^SCRIPTIS : with a Key, contaning the Prescriptions 

in an Unabbreviated Form, and a Literal Translation. Thirteenth Edition. 24mo. 
cloth, 5s, 
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HYGIENE; or, Health as Depcnding upon the Conditions of the Atmo- f 

4 sphere, Food and Drinks, Motion and Rest, SIeep and Wakefulness, Secretions, i 

Jy Excrctions, and Retentions, Mental Emotions, Clothing, Bathing, &c VoL I. Bto. !w 

R cloth, 9s. ^ 
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MR. PIRRIE, F.R.8.E. % 

THE PRINCIPLES AND PRÄCTICE OF SURGERY. With j 

numerous Engravings on Wood. Second Edition. 8yo. doth, 24«. 
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PHAEMACOPGEU COLLEGII REGALIS MEDICOßUM IM- 

DINENSIS. 8vo. cloth, 9».; or 24mo. 5*. 

IXPBIXATUB. 

Hic liber, cni tituliu, Phabmaoofcbia Collboii Regalis Mbdiooruk Lovsnnnsis. 
Datum ex ^dibus Collegii in comitiis censoriis, Novembris Mensis 14** 1850. 

JoHAiTHES Atbtox Pabis. Protet. 
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PROFESSORS PLATTNER Sc MUSPRATT. 

THE ÜSE OF THE BLOWPIPE IN THE EXAMINATION OF 

MINERALS, ORES, AND OTHER METALLIC COMBINATIONS. Dlustrated 
by numerous Engravings on Wood. Third Edition. 8vo. cloth, 10«. 6d, 
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DR. HENRY PRATT, M.D., M.R.O.P. 

THE GENEALOGY OF CREATION, newly Translated from the 

Unpointed Hebrew Text of the Book of Geneais, showing the Geoenü Scientific Accoracj 
of the Cosmogony of Moses and the Philosophy of Creation. 8vo. cloth, 14«. 

ON ECCENTRIC AND CENTRIC FORCE: a New Theory of 

Projection. With Engravings. 8yo. cloth, 10». 

III. 

ON ORBITAL MOTION: The Outlines of a System of Physical 

Astronomy. With Diagrams. 8to. cloth, 7s. 6d, 









THE FRESCRIBER'S FHA]tnACOF(£IA ; cootaining »u th« u«di- i; 

eines in the London Pharmacopoeia, arranged in Classes according to their Action, with 
their Composition and Doses. By a Practising Physician. Fourth Edition. 3*2mo. 
cloth, 2s. 6d.; roan tuck (for the pocket), 3«. 6d, 



mm0mmtt0>mmm^^mt>mt>^'^^^ 



DR. JOHN RONA/LISON PRETTY. 

AIDS DURIN6 LABOÜR, including the Administration of Chloroform, 
the Management of Placenta and Pos^partum Usemorrhage. Fcap. 8to. cloth, 4«. 6d, 
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MR. LAKE PRIOE. 

PHOTOGRAPHIC MANIPULATION : Treating of the Practice of 

the Art, and its yarious appliances to Nature. With Fifty Engravings on Wood. Post 

MR. P. O. PRICE, F.R.C.8.E. 

SCROFÜLOUS DISEASES OF THE EXTERNA! LYMPHATIC 

GLANDS: their Nature, Variety, and Treatment; with Remarks on the Management 
of Scrofulous Ulcerations, Sears, and Cicatrices. Post 8vo. cloth, Ss. 6d. 

THE WINTER CLIMATE OF MENTON, with hints to 

INVALIDS INTENDINO TO RESIDE THERE. Fcap. 8vo. cloth, 3». 
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DR. PRIESTLEY. | 

LECTURES ON THE DEVELOPMENT OF THE GRATID 1 

UTERUS. 8vo. cloth, S«. 6d. Ä 
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i DR. RADCLIFFE. F.R.C.P. LOND . ^ 

ON EPILEPTIC AND OTHER CONVÜLSIVE AFFECTIONS 

OF THE NERVOUS SYSTEM. Tbird Ediüon. Port 8to. cloth, 7«. 6</. 

MR. R AIN E Y. 

ON THE MODE OF FORMATION OF SHELLS OF ANIMALS, 

OF BONE, AND OF SEVERAL OTHER STRUCTURES, by a Proceat of 
Molecalar Coaleacence, Demonstrable in certain Artificially-formed Products. Fcap. 8yo. 
cloth, 4«. 6<f. 



DR. F. H. RAM8BOTHAM. 

THE PRINCIPLES AND PßACTlCE OF OBSTETRIC MEDI- 

CINE AND SURGERY. lUustrated with One Handred and Twenty Plates on Steel 
and Wood; forming one thick handsome volame. Foorth Edition. 8vo. cloth, 22«. 
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DR. RAM8BOTHAM. 

PRACTICAL OBSERYATIONS ON MIDWIFERY, with a Seiection 

ofCaces. Second Edition. 8 vo. cloth, 12«. 



DF^. DU BOIS REYMOND. 

ANIMAL ELECTRICITY ; Edlted by H. Bence Jones, M. D., F.R.S. 

With Fifty Engravings on Wood. Foolscap 8vo. cloth, 6«. 
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PROFESSOR REDNA/OOD PH. D. 

A SUPPLEMENT TO. THE PHARMACOPGSIA ; a concise bat 

comprehensive Dispensator}', nnd Muniinl of Facta and Formular, for the uae of Practi- Z 
tionen in Medicine and Phamiacy. Third Edition. 8vo. cloth, 22*. T 



\ DR. REYNOLDS, M.D., LOND. i 

* EPILEPSY: ITS SYMPTOMS, TREATMENT, AND REUTION 

TO OTHER CHRONIC CONVÜLSIVE D1SEASE& »vo. cloth, 10». 

THE DIAGNOSIS OF DISEASES OF THE BRAIN, SPINAL 

CORD, AND THEIR APPENDAGES. 8vo. cloth, 8». 

DR. B. NA^. RIOHARDSON. 

ON THE CAUSE ÖF THE COAGULATION OF THE BLOOD. 

Being the Astlby Coopkr Pkizb Essay for 1856. With a Practical Appendix. 
8to. cloth, 1 6«. II 

THE HYGIENIC TREATMENT OF PULMONARY CONSÜMP- 

TION. 8vo. cloth, 5«. 6(/. m, 

THE ASCLEPIAD. Vol. L, Cllnical Essajs. 8vo. cloth, 6*. 6c/. 



MR. >A/ILLIAM ROBERTS. 

AN ESSAY ON WASTING PALSY ; belog a Systematic Treatise on 

the Disease hitherto dcscribcd as ATROPHIE MUSCULAIRE PROGRESSIVE. 
With Four Plates. 8vo. cloth, 7«. 6«/. 

DR. ROUTH. T 

^ INFANT FEEDING, AND ITS INFLUENCE ON LIFE; i 
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DR. W. H. ROBERTSON. 

THE NATUKE AND TßEATMENT OF GOUT. 

8vo. cloth, 1 0«. 6d. 

A TREATISE ON BIET AND REGIMEN. 

Fourth Edition. 2 toIs. post 8to. cloth, 12«. 
DR. RONA/E. 

NERVOÜS DISEASES, LIVEß AND STOMACH COM- 

PLAINTS, LOW SPIRITS, INDIOESTION, GOUT, ASTHMA, AND DIS- 
ORDERS PRODUCED BY TROPICAL CLIMATES. With Cases. Sixtecnth 
Edition. Fcap. 8yo. 2». 6d. »**«.*«* 

DR. ROYLE, F.R.8., AND DR. HEADLAND. M.D. 

A MANUAL OF MATEKIA MEDICA AND THERAPEUTICS. 

With numerous Engravings on Wood. Third Edition. Fcap. 8vo. cloth, 12«. 6d, 
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MR. RUM8EY, F.R.C.8. 

ESSAYS ON STATE MEDICINE. 8vo. cloth, lo*. 6rf. 

fDR. RYAN, M.D. i 

INFANTICIDE: iTS law, prevalence, prevention, and f 

HISTORY. 8vo. cloth, 5». * 

ST. BARTHOLOMEWS HOSPITAL. 

A DESCRIPTIVE CATALOGUE OF THE ANAT05IICAL 

MUSEUM. VoL I. (1846), Vol. II. (18S1), VoL III. (1862), 8to. cloth, 5». each. 
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DR. SALTER, F.R.S. 

ON ASTHMA : its Pathology, Causes, Consequences, and Treatment. 

8vo. cloth, 10«. .^.w....^ — .«^ 

DR. SAVAQE. M.D. LOND., F.R.C.S. 

THE SÜRGERY OF THE FEMALE PELVIC ORGANS, in 

a Series of Plates taken firom Nature, with Physiological and Pathological Referenccs. 
Royal 4to. cloth, 20«. 

%* These Plates give 40 Illustrations taken from original Dissections, and are drawn 
and coloured in the highest degree of art. 

MR. SAVORY. 

A COMPENDIUM OF DOMESTIC MEDICINE, AND COMPA- 

NION TO THE MEDICINE CHEST; intended as a Sonrce of Easy Reference for 
Clergymen, and for Families rcsiding at a Distance from Professional Assistance. 
Sixth Edition. 12nio. cloth, 5«. >*#.^.». .>.» 

DR. SCHACHT. 

THE MICROSCOPE, AND ITS APPLICATION TO VEGETABLE 

ANATOMY AND PHYSIOLOGY. Edited by Frsderick Currky, M.A. Fcapi 
DR. SCORESBY-JACKSON, M.D., F.R.S.E. 

MEDICAL CLIMAT0L06Y ; or, a Topogi-aphical and Meteorological 

Description of the Localities resorted to in Winter and Summer hy Invalids of yarioos 
^ classes both at Home and Abroad. With an Isothermal Chart. Post 8vo. cloth, 12g. 
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' DR. SEMPLE. * 

ON COUGH : its Causes, Vaiieties, and Treatment. With some practical 
Remarks on the Use of the Stethoscope as an aid to Diagnosis. Post 8vo. cloth, 4s. 
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f DR. 8EYMOUR. 

ILLÜSTRATIONS OF SOME ''OF THE PRINCIPAL DIS- 

EASES OF THE OVARIA: their Symptoms and Treatment; to which are prefixed 
ObservatioDB on the Structure and Fonctions of those parts in the Human Being and in 
Animals. With 14 folio plates, I2s. 

THE NATUßE AND TREATMENT OF DßOPSY; considered 

especially in reference to the Diseases of the Internal Organs of the Body, which most 
commonly prodoce it. 8vo. 5«. .,>...,.>,>..,>^...,. 

DR. 8HAPTER, M.D., F.R.C.P. 

THE CLIMATE OF THE SOUTH OF DEVON, AND ITS 

INFLUENCE UPON HEALTH. Second Edition, with Maps. 8to. cloth, 10«. 6rf. 

MR. SHAW, M.R.C.S. 

THE MEDICAL REMEMBRANCER ; OR, BOOK OF EMER- 

OENCIES : in which are concisely pointed out the Immediate Remedies to be adopted 
in the First Moments of Danger from Drowning, Poisoning, Apoplexy, Bums, and other 
Accidents; with the Tests for the Principal Poisons, and other usefui Information. 
Fourth Edition. Edited, with Additions, by Jonathan Hutchinson, F.R.C.S. .S2mo. 
cloth, 2s. 6d, .«*..w.*M« •»**•.-* 

DR. 8HEA, M.D., B.A. 

A MANUAL OF ANIMAL PHYSIOLOGY. With an Appendix of 

Questions for the B.A. London aud other Ezaminations. With Engravings. Foolscap 
8va cloth, 58. 6d. ^^^^ 

DR. 8IBSON F.R S 

MEDICAL ANATOMY. with coloured Plates. Imperial folio. Fasci- 

culi I. to VI. 5». each. .^,.>^>..^.^,>m>^ 

DR. E. H. 8IEVEKINQ. 

ON EPILEPSY AND EPILEPTIFORM SEIZURES: their 

Canses, Pathology, and Treatment Second Edition. Post 8vo. cloth, 10«. 6d, 
MR. SINCLAIR AND DR. JOHNSTON. 

PRACTICAL MIDWIFEEt : Comprising an Accoant of 13,748 Deli- 

Teries, which occurred in the Dublin Ljing-in Hospital, during a period of Seven Years. 
8to. cloth, I5s, ..«.,»« 

DR. SIORDET, M.B. LOND., M.R.C.P. 

MENTONE IN ITS MEDICAL ASPECT. Foolscap 8vo. cloth, 2s. Gd. 
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MR. ALFRED SMEE, F.R.S. 

GENERAL DEBILITY AND DEFECTIVE NUTRITION; their 

Cansei, Consequences, and Treatment. Second Edition. Fcap. 8yo. cloth, 3«. 6d, 
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DR. SMELLIE. 

OBSTETKIC PLATES : being a Selection from the more Important and 

Practical Illuitrations contained in the Original Work. With Anatomical and Practical 
Directions. 8to. cloth, 5». ,».,.,..,., 

MR. HENRY SMITH, F.R.O.S. 

ON STRIGTURE OF THE URETHRA. 8vo. cioth, 7*. 6rf. 
i EfiMORRHOIDS AND PROLAPSUS OF THE SMm-. 

9 Their Pathology and Treatment, with especial reference to the um ' •— ^^^Mii^^* 

M Edilioii. Fcap. 8to. doth, 3«. 
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DR. W. TYLER SMITH. 

A MANUAL OF OBSTETRICS, THEORETICAL AND PRAG- 

TICAL. lUnstrated with 186 EngraTings. Fcap. 8yo. cloth, 12«. Sd. 

II. 

THE PATHOLOGY AND TREATMENT OF LEUCORRH(EA. 

With EngTaviogs on Wood. 8to. cloth, 7«. 



DR. 8NOW. 

ON CHLOROFOEM ÄND OTHER ANiESTHETICS : their 

ACTION AND ADMINISTRATION. Editcd, with a Mcmoir of the Author. by 
Benjamin W. Richardson, M.D. 8to. cloth, lOt, 6d. 
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DR. 8TANHOPE TEMPLEMAN SPEER. 

PATHOLOGICAL CHEMISTRT, IN ITS APPLICATION TG 

THE PRACTICE OF MEDICINE. Translated fin)m the French of MM. Bboqusskl 
and RoDiUL 8yo. cloth, reduced to 8«. 
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MR. PETER SQUIRE. 

THE PHARMACOP^IAS OF THIRTEEN OF THE LONDON 

HOSPITALS, arranged in Croups for easy Reference and Comparison. 18mo. cloth, 
Zt.6d, 
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DR. 8TEQQALL. 
STUDENTS' BOOKS FOR EXAKINATIOK. 

L 

A MEDICAL MANUAL FOR APOTHECARIES' HALL AND OTHER MEDICAL 

BOARDS. Twelfth Edition. 12mo. cloth, 10«. 

II. 

A MANUAL FOR THE COLLEGE OF SUB6E0NS; intended for the Use 

of Candidates for Ezamination and Practitioners. Second Edition. 12mo. cloth, iOs. 

III. 

GREGORY'S CONSPECTÜS MEDICmiE THEORETIC^. The First Part, con- 

taining the Original Text, with an Ordo Verbonim, and Literal Translation. ]2mo. 
cloth, 10«. ly^ 

THE FIRST FOÜR BOOKS OF CELSÜS; containing the Text, Ordo Verb- 

onim, and Translation. Second Edition. I2mo. cloth, 8«. 

V. 

FIRST LINES FOR CHEMISTS AND DRÜGGISTS PREPARING FOR EX- 

AMINATION AT THE PHARMACEÜTICAL SOCIETY, Second Edition. 

1 OnlO. ClOCU, OS» OU. ««M<.«.W>«.«MM«««WMM 

MR. STONA/E, M.R.O.8. 

A T0XIC0L06ICAL CHART, exhibiting at one view the Symptoms, 

Treatment, and Mode of Detecting the various Poisons, Mineral, Vegetable, and Anunal. 
To which are added, concise Directions for the Treatment of Suspended Animation. 
Eleyenth Edition. On Sheet, 2s. ; mounted on Roller, 5«. 
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fMR. FRANCIS SUTTON, F.C.S. \\ 

, A SYftTl^MATTr! TTANT^POr^TT C\V VAT TUT 17TPTn AXTATTrorn. T 
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A SYSTEMATIC HANDBOÜK OF VOLUMETRIC ANALTSIS- 

or, the Quantitative Estimation of Chemical Substances by Measore. With EasTa,rinau V 
Post 8vo. cloth, 7«. 6c/. ^ ^' % 



MESSRS. CHURCHILL & SONs' PUBLICATIONS. 27 jft 






i DR. 8WAYNE. f 

OBSTETRIC APHORISMS FOR THE USE OF STUDENTS 

COMMENCING MIDWIFERY PRACTICE. With Engravings on Wood. Second 
Edition. Fcap. 8to. cloth, 3«. 6J. 
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MR. TAMPLIN, F.R.C.8.E. 

LATERAL CURYATÜRE OF THE SPINE: its Causes, Nature, and 

Treatment. 8yo. cloth, 4». 

DR. ALEXANDER TAYLOR, F.R.8.E. 

THE CLIMATE OF PAU ; wlth a Descnption of the Watering Places 

of the Pyrcnecs, and of the Virtues of their respecüve Mineral Sources in Disease. Third 
Edition. Post 8vo. cloth, 7«. 
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DR. ALFRED 8. TAYLOR, F.R.8. 
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A MANUAL OF MEDICAI JÜEISPßUDENCE. Seventh Edition. 

Fcap. 8vo. cloth, 12». 6d, 

ON POISONS, in relation to MEDICAL JURISPRUDENCE AND 

MEDICINE. Second Edition. Fcap. 8vo. cloth, 12«. Bd. 
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fMR. TEALE. T 

. ON AMPUTATION BT A LONG AND A SHOET RECTAN- T 

GULAR FLAP. With Engravings on Wood. 8vo. cloth, 6«. 
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DR. THEOPHILU8 TH0MP80N, F.R.8. 

OLINICAL LECTUßES ON PULMONARY OONSUMPTION; 

with additional Chapters by E. Stxss Thompson, M.D. With Plates. 8yo. cloth, 7«. 6cf. 

DR. THOMAS. t 
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